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ABSTRACT 

Spectral line survey observations are conducted toward the high-mass proto¬ 
star candidate NGC 2264 CMM3 in the 4 mm, 3 mm, and 0.8 mm bands with the 
Nobeyama 45 m telescope and the Atacama Submillimeter Telescope Experiment 
(ASTE) 10 m telescope. In total, 265 emission lines are detected in the 4 mm 
and 3 mm bands, and 74 emission lines in the 0.8 mm band. As a result, 36 
molecular species and 30 isotopologues are identified. In addition to the funda¬ 
mental molecular species, many emission lines of carbon-chain molecules such as 
HC 5 N, C 4 H, CCS, and C 3 S are detected in the 4 mm and 3 mm bands. Deuter- 
ated molecular species are also detected with relatively strong intensities. On 
the other hand, emission lines of complex organic molecules such as HCOOCH 3 , 
and CH 3 OCH 3 are found to be weak. For the molecules for which multiple tran¬ 
sitions are detected, rotation temperatures are derived to be 7-33 K except for 
CH 3 OH. Emission lines with high upper-state energies (E u > 150 K) are detected 
for CH 3 OH, indicating existence of a hot core. In comparison with the chemical 
composition of the Orion KL, carbon-chain molecules and deuterated molecules 
are found to be abundant in NGC 2264 CMM3, while sulfur-bearing species and 
complex organic molecules are deficient. These characteristics indicate chemical 
youth of NGC 2264 CMM3 in spite of its location at the center of the cluster 
forming core, NGC 2264 C. 
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Introduction 


Spectral line surveys are of fundamental importance in astro chemistry and astrophysics. 
They reveal chemical characteristics of a target source without any preconception, and 
the result is subject to detailed chemical and physical modeling to strengthen basic con¬ 
cepts of astrochemistry, as well as to explore physical conditions of the target source. In 
the course of the spectral line survey, many new interstellar molecules have been discov¬ 
ered, and new molecular tracers which highlight particular physical situations have been 
recognized. Since the early days of radioastronomy, spectral line surveys have been con 


ducted toward various representative sources includ i ng star-forming reg i ons (e.g. iBlake et al. 


1986; 

van Dishoeck et al. 

1995 

Schilke et al 

19971 

Bergin et al. 2010; Tercero et al. 2010; 

Watanabe et al. 

20 id' 

, cold dark clouds (Kaifu et al. 

2004) 

shocked regions (e.g. 

Codella et al. 

20101 ; 

Suginrura et al. 

2011 

Yamaguchi et al. 

2012 ), photodissociation regions (e.s 

r. Ginard et al. 

2 OI 2 I; 

Cuadrado et al 

201 

5), Galactic center clouds 

(e.g. 

Cummins et al. 1986) 

and exter- 

nal galaxies (e.g 

Martin et al. 

2006; Watanabe et al. 201 

4). Thanks to recent advances in 


receiver and backend technologies, spectral line surveys become feasible even toward fainter 
sources, and are being carried out toward vario us kinds of sources not only with single¬ 


dish telescopes but also with interferometers (e.g. iBeuther et al.ll2009[ IJorgensen et al.ll2011 
Martin et ah 2011 b 


For instance, ICaux et al. 1201111 conducted the spectral line surv ey of the low-mass 
protostar, IRAS 16293-2422, which is known as a ‘hot corino’ source (tCazaux et ah 2 003 ) 
with the IRAM 30 m telescope, whereas the spectral line survey of the low-mass protostar 
L1527, known as a warm-carbon-chain-chemistry source (Sakai et al. 2008), was carried out 
with the Nobeyama 45 m telescope (Sakai et al. in prep.). Although these two sources 
are low-mass protostars in the Class 0 stage, their spectral patterns are significantly differ¬ 
ent from each other. This result clearly established chemical diversity of low-mass proto- 
stellar cores, whose origin and future are of great interest in re lat ion to the origin of the 


Solar System ( Saka i et al. 


2008 


20091: ISakai fe Yarnarnotol l2013i i. IWatanabe et al.l ( 201211 


and lLindberg fe Jeirgensenl (2012) reported further chemical complexity due to external UV 


radiation in a low-mass protostar R CrA IRS7B. Furthermore, the spectral line surveys 
of the shocked region L1157 B1 which is caused by the interaction between the molecular 


outflow and the ambient gas were performed by several 


45 m telescope (ISugimura et al 


(e-g. 


Co della et ah 


2012 


2011 


Podio et al.l 12014 : 


;elescopes including the Nobeyama 


Yamaguch i et al 


Mendoza et al. 


2012), the IRAM 30 nr telescope 
and Hershcl HIFI (e.g. 


E3), 
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Codella et al.l 120101 ). It is revealed that the shocked region harbors rich organic chemistry 
originating from sublimation and/or sputtering of grain mantles. This reminds us of the 
importance of grain-surface productions of organic molecules. 


Chemical evolution of high-mass protostellar sources may be much different from that of 
low-mass ones, and its detailed understanding is not only important for astro chemistry but 
also useful for finding diagnostic tools of high-mass star formation. With these motivations, 
we conducted spectral line survey observations toward the high-mass star-forming region 
NGC 2264 CMM3 in the 4, 3, and 0.8 mm bands with the Nobeyama 45 m and the Atacama 
Submillimeter Telescope Experiment (ASTE) 10 m telescopes to characterise its chemical 
nature. 


NGC 2264 CMM3 is th e seco nd nearest high-mass star-forming region after Orion 
KL (d = 738 pc: Kamezaki et al. 2014). Many submillimeter-wave continuum sources 
(CMM1-13) are identified around IRS1, the brightest infrared source in the NGC 2264 C 
region f Peretto et al. 2 006 . 120071) . Among them, CMM3 is the most massive one (40 M 0 : 


Peretto et al.l 1200611 . and it is believe d that CMM3 will e volve into a massive star of 8 M 0 , 


according to the theoretical model by Mau r y et al. (12009) . However, the protostar of CMM3 
is deeply embedded in the protostellar core, and invisible even in the 24 pm band of Spitzer. 
Although a molecular outflow extended toward north and south directions was detected 
around CMM3 in the CS (J = 5 — 4) emission bv ISchrever et ~ah ( 1997 b its association 
with CMM3 was not evident. Saruwatari et al. (2011]) detected a compact bipolar outflow 
definitively associated with CMM3 in the CO(2 — 1), and CH 3 OH(5o — 4 0 A + ) lines with 
SMA, whose dynamical age is as short as 140-2000 yr. Hence, it is very likely th at CM M3 


is in the earliest evolutionary stage of a high-mass star formation. Moreover S aka i et al. 


(120070 detected the millimeter-wave lines of one of complex organic molecules, HCOOCH 3 , 
toward this source with the Nobeyama 45 m telescope and Nobeyama Millimeter Array, and 
found that its distribution is offset from the continuum emission peak of CMM3 by 5 /, -10". 
This result implies rich chemistry in CMM3 associated with activities of a young high-mass 
protostar. 
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2. Observation 


2.1. Observation with Nobeyama 45 m 


NGC 2264 CMM3 was observed in the 4 mm and 3 mm bands with the Nobeyama 
45 m telescope at the Nobeyama Radio Observatory (NRO)@ in May and December, 2014. 
The observed position is : (aj 2 ooo, <5j2ooo) = (6 h 41 m 12 s .3, +09° 29'11".9). Eight frequency 
settings were observed to cover the frequency range from 67. 5 to 1 16.0 GHz. The side¬ 
band separating (2SB) mixer receivers T70H/V and TZ1H/V (jNakaiima et al. 120131) were 
used as frontends with the typical system noise temperature of 140 - 380 K. The image 
rejection ratios were measured just before each observation session by applying artificial 
signals, and were assured to be better than 10 dB. The beam size ranged from 22” to 15”. 
The backends were 16 SMA45 autocorrelators whose band width and frequency resolution 
each are 1600 MHz and 0.5 MHz, respectively. The frequency resolution corresponds to a 
velocity resolution of 1.7 km s -1 at 90 GHz. This resolution is enough for resolving spectral 
line profiles observed in NGC 2264 CMM3 (~ 3 km s -1 ). The position-switching method 
was employed with the off-position at (Act, A<5) = (-25', -25'). The telescope pointing was 
checked every hour by observing the SiO maser source SY-Mon. Pointing accuracy was 
conErmed to be better than 5". Intensity scale was calibrated to the antenna temperature 
(T*) scale by using the chopper-wheel method, and its accuracy is estimated to be 20 %. 
The antenna temperature was converted to the main-beam brightness temperature (T m b) 
by T m b = ?a/^ m b, where r/ m b is 0.38, 0.31, 0.26, and 0.24 at 75, 86, 110, and 115 GHz, 
respectively. The observation parameters are summarized in Table [H 


The observed data were reduced by using the software package, NEWSTAR, developed 
by NRO. Spectral baselines were subtracted by fitting a 5th - 7th order polynomial to the 
line-free part of spectra in a frequency range of ~1.5 GHz. Distorted sub-scan spectra due 
to bad atmospheric conditions and instabilities of the receiver system, whose baseline could 
not be subtracted by the polynomial fitting, were excluded in the integration procedure. 


2.2. Observation with ASTE 


Observations with the ASTE 10 m telescope flEzawa et ah 2004) were carried out in May 
and November 2011. The observed position is the same as that in the observations with the 
Nobeyama 45 m telescope. Eighteen frequency settings were observed to cover the frequency 


1 Nobeyama Radio Observatory is a branch of the National Astronomical Observatory of Japan, National 
Institutes of Natural Sciences 
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range from 330 to 366 GHz. In the 345 GHz band, the beam size is ~ 22", and the main 
beam efficiency 0r/ mb ) is ~ 0.6. The side-band separating (2SB) mixer receiver CATS345 
fjlnoue et ah .2008,) was used as a frontend, whose typical system temperature ranged from 
150 to 400 K, depending on the atmospheric conditions. The backend was a bank of XF-type 
digital spectro-correlators MAC flSorai et ah 2000) . whose bandwidth is 512 MHz each, all 
having 1024 spectral channels. The frequency resolution is 0.5 MHz, which corresponds to 
~0.5 km s -1 at 345 GHz. The position-switching method was employed with the off-position 
at (Act, A<5) = (-25', -25'). The telescope pointing was checked every hour by observing the 
bright point-like 12 CO( J = 3 — 2) source GX Mon. The pointing accuracy was ensured to be 
better than 3". The intensity calibration was carried out by the chopper-wheel method, and 
its accuracy is estimated to be ~ 20 %. The antenna temperature (T£) was converted to the 
main-beam brightness temperature (T mb ) by T mb = T^/r] mh . The observation parameters 
are summarized in Table [TJ 


The observed data were reduced by using NEWSTAR. Spectral baselines were sub¬ 
tracted by fitting a 5th order polynomial to the line-free part in a frequency range of 512 MHz. 
Distorted sub-scan spectra were excluded in the integration procedure, as described in Sec¬ 
tion 2 . 1 . 


In addition to the line survey, we conducted a 5-point observation toward NGC 2264 CMM3 
in the 342.7 GHz in order to investigate a distribution of CH 3 OH around the protostar. The 
grid spacings are 20", which is close to the beam size of 22". The result of this 5-point 
observation will be shown in the Section 4.1. 


3. Result and Analysis 
3.1. Detected Molecules 

Figure [I] shows the overall spectra in the 4, 3, and 0.8 mm bands. Figures [A. II and lA.21 
show their expanded spectra. In the 3 mm and 4 mm bands, 265 emission lines are detected, 
while 74 emission lines are detected in the 0.8 mm band. The line detection criterion is that 
a peak intensity of a line exceeds three times the r.m.s. noise level at the expected frequency. 

The line identihcations are carried out on the basis of the spectral line databases the 



detected emission lines, 35 molecular species and 29 isotopologues are identified in the 3 mm 
and 4 mm bands (Tabel[2]). In the 0.8 mm band, 17 molecular species and 13 isotopologues 






















6 


are identified (Tabel [3]) . In total, 36 molecular species and 30 isotopologues are identified in 
this spectral line survey. For the weak emission lines, we carefully check the presence of other 
emission lines of the same species at other frequencies. SO + , NH 2 CHO, HCO^~, HCOOCH 3 , 
and CH3OCH3 are tentative dete ctions, because the ir lines are marg inally detected (Fi gure 

[2] ). HCOOCH3 was identified by Sakai et ah ( 2007 ) in this source. Sakai et ah ( 2007 ) de¬ 
tected the HCOOCH3 ( 818 — 7i 7 A and E) lines with a peak intensity of 84±15 mK. Although 
these lines were not detected in the present survey probably due to lower sensitivity, a few 
other lines were marginally detected (Figure [21) • Several HCOOCH3 lines can be seen in the 
E state, but most of companion HCOOCH3 lines in the A state whose upper state energy 
and Sp 2 are similar to those of the HCOOCH3 in the E state are very weak. Hence, detection 
of HCOOCH3 is tentative in this survey. As for CH3OCH3, two weak lines were marginally 
detected in this survey, since four sub-states of internal rotation are almost overlapped at 
the frequencies. On the other hand, other transition lines of CH3OCH3 are not detected due 
to lower sensitivity and detection of CH3OCH3 is also tentative. The detected molecules 
including tentatively detected ones are summarized in the Table [4] In spite of the above 
identification process, 22 lines are still unidentified in the 4 and 3 mm bands. They are also 
listed in Table [21 The criterion of the unidentihed line is that the line is detected with 3 cr 
confidence or higher and the line width is reasonable. Since the criterion is not stringent, 
some of them may be spurious signals. Hence, the data of the unidentihed lines should be 
used carefully. On the other hand, no unidentihed lines are found in the 0.8 mm band. The 
line-of-sight velocity and FWHM line width of each line are evaluated by a single Gaussian 
ht. If the line prohle is blended with multiple lines such as nearby hyperhne components, 
multiple Gaussian functions are employed to determine the line parameters. Tables [21 and 

[3] present lists of the line parameters of the identihed molecular lines including tentatively 
detected ones. 


In the 3 mm and 4 mm bands, we detected many lines of various carbon-chain molecules, 
which include C 4 H, HC 3 N, HC 5 N, CCS, and C 3 S. In general, carbon-chain molecul es are 


less abundant in s tar-forming regions than in young starless cores (e.g. ISuzuki et al.l 11992 


Hirota et ahl 20011). This is particularly true for long carbon-chain molecules. Hence, de¬ 
tection of various carbon-chain molecules in NGC 2264 CMM3 should be noteworthy. In 
addition to carbon-chain molecules, saturated molecules such as CH 3 OH and CH 3 CHO are 
also detected. However, complex organic molecules such as HCOOCH 3 and CH 3 OCH 3 seem 
to be deficient in this source, since these molecules are marginally detected. Furthermore, 
nitrogen bearing complex organic molecules such as C 2 H 3 CN and C 2 H 5 CN were not detected 
in the present line survey. 


Another characteristic feature of the NGC 2264 CMM3 spectrum is the relatively bright 
emission of deuterated species such as DCO + , DCN, DNC, and N 2 D + in the 4 mm band. 
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Even the spectral lines of CCD and DC 3 N are weakly detected. Moreover, five lines of NH 2 D 
are seen in the 0.8 mm, 3 mm, and 4 mm bands. 


In the 0.8 mm band, almost all detected emission lines are higher rotational transition 
lines of molecular species detected in the 4 mm and 3 mm bands, except for NO (nitric oxide). 
SO 2 is the heaviest molecule observed in this band. No heavy molecules, which consist of 
more than 3 heavy atoms, were detected except for C-C 3 H 2 and SO 2 in the 0.8 mm band. For 
larger molecules, rotational spectral lines in the 0.8 mm band generally have higher upper- 
state energies, and they are not well excited except for the vicinity of the protostar. Hence, 
these lines are usually weak in the sin gle- dish observation in the 0.8 mm band in ordinary 


star-forming regions (e.g. Wata.na.be et al. 2012). On the other hand, higher excitation lines 


of CH 3 OH and H 2 CO, whose upper state energies ( E u ) are higher than 150 K, were detected. 
These molecules would be abundant in a hot and dense region in the vicinity of a protostar 
and/or in shocked regions caused by outflows, indicating a sign of a hot core. 


3.2. Rotation Temperatures and Column Densities 


To investigate molecular abundances and physical conditions of the emitting region, we 
derive rotation temperatures and column densities for molecules for which multiple transition 
lines with different upper-state energies are detected. The rotation temperature and the 
column density are estimated under local thermodynamic equilibrium (LTE) conditions by 
using a least-squares method with the following formula: 


. m hv 
AT = — 
k 


exp (hv/kT Iot ) — 1 exp(hz///cTb g ) — 1 


and 


r = 


exp 


hv 


87 T 3 Sfi 2 N 
3kAvQ(T TOt ) P" \kT t 


- rot 


- 1 


exp 


[1 -exp(-r)], 


E„ 


kT 


rot 


(i) 


( 2 ) 


where AT, k, v, h, T rot , T bg , S, /i, N, An, Q(T), and E u are line intensity, the Boltzmann con¬ 
stant, transition frequency, the Planck constant, rotation temperature, the cosmic microwave 
background temperature of 2.7 K, line strength, dipole moment, total column density, line 
width, partition function, and upper state energy of the transition, respectively. In order to 
take frequency dependence of the beam sizes into account, the observed integrated intensities 
are divided by the beam filling factor 9 ^ OUTCe /(^beam + ^source); where 0 source and ^beam are the 
assumed source size and the FWHM bea.mwidth of the telescopes, respectively. Here, the 
source size (# source ) is assumed to be 15", which is the smallest beam size of this survey. This 
source size is almost comparable to the size of the distribution of HCOOCH 3 (Sakai et al. 
20071 ). The beam size #beam is evaluated at each transition frequency by extrapolating the 
















beam size measured at some representative frequencies. The common line width (An) is 
assumed to be 3 km s -1 except for SiO (An = 6 km s _1 ), and J T mh dv/ Av is used as the 
line intensity of AT. The error of AT includes the r.rn.s. noise and the 20 % uncertainty 
of the intensity calibration by chopper-wheel method. For NH 2 D, H 2 CO, c-C 3 H 2 , H 2 CCO, 
and H 2 CS, ortho and para species are analysed separately. For CH 3 CCH and CH 3 CN, A 
and E states are analysed separately. Although multiple transition lines of HC 3 N and C 3 S 
are detected, we failed to derive their rotation temperatures and column densities of these 
molecules with this method. For HC 3 N, the rotation temperature and the column density 
could not be determined simultaneously by the least-square fit, probably because of the low 
excitation temperature and relatively high optical depth (r ~ 1). For C 3 S, the signal-to- 
noise ratio is not enough to determine the excitation temperature and the column density 
simultaneously. Hence, column densities of these two molecules are estimated with fixed 
excitation temperatures in the latter section. Table 0 shows the results of the analyses. 

The rotation temperatures are found to be different from molecule to molecule, ranging 
from 7 K to 122 K. Carbon-chain molecules and fundamental species such as H 13 CN, HC 18 0 + , 
and CN show relatively low rotation temperatures (< 11 K). HC 5 N shows relatively higher 
rotation temperature of 25.8 K. Because the upper state energies of the HC 5 N lines observed 
in this survey are from 44 K to 110 K, which are higher than those of the other carbon- 
chain molecules, the lines would preferentially trace warmer region. Deuterated species, 
DCN, DCO" 1 " and NH 2 D (para), show a similar trend of low rotation temperature. On the 
other hand, sulfur-bearing molecules except for sulfur-bearing carbon-chain molecule (CCS) 
show higher rotation temperatures (15 < T < 26 K). The rotation temperature of SiO is 
also as high as 18.2 K. This means that the sulfur-bearing molecules and SiO preferentially 
reside in a warmer and denser part than the other molecular species. More importantly, 
we found that the CH 3 OH lines cannot be fitted by a single temperature, and hence, we 
employed the two-component model for CH 3 OH with the rotation temperatures of 24 K and 
122 K, as discussed later in detail. H 2 CO also shows the relatively high rotation temperature 
(33 ± 13 K) in spite of its large uncertainty. It should be noted that the o/p ratio of NH 2 D, 
H 2 CS, H 2 CCO, and c-C 3 H 2 are close to the statistical value of 3. 

For the other molecules for which only one transition line or hyperfine lines with almost 
the same upper-state energies are detected, the column densities are estimated under the LTE 
condition with excitation temperatures of 10 K, 15 K, and 20 K by using the least-squares 
method with equations dH) and ([2]) . The range of the assumed excitation temperature is set 
on the basis of the rotation temperatures of various molecules (Table 0 • In order to correct 
beam dilution effect, the source size of 15" is also assumed as in the case of the rotation 
diagram analysis. Uncertainties of the derived column densities include the r.rn.s. noise 
and the intensity calibration uncertainty of 20 %. Table | 6 ] summarizes the column densities 
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obtained in the LTE analysis. 

The gas kinetic temperature can be estimated by using the observed intensities of the 
different K lines of CH 3 CN, because the radiation processes between the different K ladders 
are almost forbidden. The gas kinetic temperature thus obtained from the K structure lines 
is 37 ± 10 K and 25 ± 10 K by using the K = 0 and 3 lines (A-state) and the K = 1 and 
2 lines (E-state), respectively. Similarly, the excitation temperature between the different 
K A levels of H 2 CO is close to the gas kinetic temperature. It is as high as 66 ± 14 K and 
51 ± 13 K for the K A = 1 and 3 (ortho) and K A = 0, 2 and 4 (para) lines, respectively. This 
result may further suggest that H 2 CO mainly resides in a higher temperature component 
in the vicinity of the protostar than CH 3 CN. This result indicates that NGC2264 CMM3 
involves physical and chemical complexity within the beam sizes of the present observations. 


Discussion 


4.1. High Excitation Lines of CH 3 OH 


I 11 the 0.8 mm band, high excitation lines of CH 3 OH with the upper-state energies 
higher (E u ) than 150 K were detected (Figure [3]). The upper-state energies of all the other 
molecular lines detected in this survey are lower than 150 K except for several lines of 
H 2 CO. The rotation diagram with a single temperature model shows systematic residuals 
indicating coexistence of cold and warm components (Fig ure HI). Such a behavior in the 


rotation diagram is sometimes found in hot core regions. Bisschop et ah (120071) suggested 
that the two components can appear from sub-thermal excitation and optical depth effects. 
However, the optical depths estimated from the column density and rotation temperature 
by the rotation diagram method with a single component are 0 . 2 - 0.1 for transitions with 
the upper-state energies of 90-150 K, where the rotation diagram shows a knee structure. 
The optical depths are found to be higher for the transitions with E u < 60 K. Therefore, 
the optical depth effect is not likely the case for NGC 2264 CMM3 as the origin of the 
systemic residual. Hence, we employ a two-temperature model by extending Eq. (jT]) for the 
two-components, and the rotation temperatures of the two components are derived by the 
least-squares fit on all the observed lines of CH 3 OH. The rotation temperature are derived 
to be 24.3 ± 2.6 K and 122 ± 63 K. The higher temperature component seems to correspond 
to the hot component in the vicinity of the protostar, although the error of the temperature 
is large. 


Figure 0 shows a profile map of CH 3 OH (13i —13 0 A + ) around NGC 2264 CMM3. The 
distribution of high excitation lines of the CH 3 OH is concentrated at the CMM3 position. 
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Therefore, it is confirmed that these CH3OH lines originate from hot molecular gas in the 
vicinity of the protosta r CMM 3 . These CH3 OH lines are often detected in hot cores (e.g. 


van der Tak et al.ll2000h and hot corinos (e.g. iMaret et al. 1 120051) . In addition to heating by 


radiation from the protostar, shock heating may also contribute, since the high excitation 
lines of CH 3 OH are also detected in the shocked regions ind uced by the outflow driven by th e 
protostars in L14 4 8-mm /IRS 3 f Jimenez-Serra et al. 2004 1 and L1157 f Codella et al. 2010 1. 
Saruwatari et al.l (20 1111 reported the detection of CH 3 OH (5 0 — 4 0 ,A + and 5 3 — 4 3 ,A + ) 


associated with the compact outflow from the protostar in this source. From these results, 
the detection of high excitation CH 3 OH lines represents the existence of the high temperature 
molecular gas affected by protostellar activities of CMM3. This is consistent with the high 
gas kinetic temperature inferred from the excitation temperatures between the different K a 
ladders of H 2 CO. 


4.2. Deuterium Fractionation Ratios 


Seven deuterated molecular species, DCO + , N 2 D + , DCN, DNC, CCD, HDCO, and 
DC 3 N, are identified in this line survey. Ground-state transition lines in the 70 GHz band 
are observed for DCO + , N 2 D + , DCN, DNC, and DCO + . Higher transition lines of DCO + , 
DCN, and DNC are also identified in the 0.8 mm band. HDCO is detected only in the 
0.8 mm band. Deuterated CH 3 OH and multiply deuterated molecular species such as D 2 CO 
and CHD 2 OH are not detected, alt hough these molecules are often found i n the hot coring 
sourc es and hot core so urces (e.g. iMauersberger et al.l 1 19881: iTurnerl Il990l : ICeccarelli et al. 


19981 : Parise et al. 2006). This non-detection would be due to insufficient sensitivity of the 
present line survey. For example, the intensity of CH 2 DOH (2 02 — l 0 iei) is estimated to be 
2 mK in T mb with the rotation temperature of 30 K under the LTE approximation, assuming 
the CH 2 DOH/CH 3 OH ratio of 1 % (2.1 x 10 13 cm -2 ). It is well below our sensitivity (r.m.s 
~ 30 111 K at the corresponding frequency). 


Table |7] shows the deuterium fractionation ratios evaluated from the column densities 
derived in section 3.2. The ratios range from 0.01 to 0.04, and no systematic trend can 
be seen among molecular species: the deuterium fractionation ratios of ionic molecules are 
similar to those of neutral molecules. Deuterated molecules would mostly reside in a cold 
ambient envelope, because the rotation temperatures of DCN and NH 2 D are estimated to 
be lower than 10 K (Table [2]). 


The most characteristic feature of the deuterium fractionation ratio in this source is 
relatively high DCO + /HCO + and N 2 D + /N 2 H + ratios in spite of the active star-forming ac¬ 
tivities. Deuterium fractionation ratios of the ionic species are generally low for a warm 
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region (T > 20 K), because the deuterium fractionation process is not efficient above 20 K 
and the d euterated molecul a r ions which had b een formed in the cold stages are quickly 
destroyed ( Sakai et al. 2012 ; Fontani et al. 2014 b For this reason, the DCO + /HCO + and 
N 2 D + /N 2 H + ratios are generally low. Indeed, the DCO + and N 2 D + lines are not detected 
in Orion KL (Section 4.3), and the DCO + /HCO + ratio is as lo w as 0.008 toward the low- 
mass star-forming region IRAS 16293-2422 (van Dishoeck et al. 1995 ) (Table [7j). The mod¬ 


erate deuterium fractionation ratios of the ionic species mean that NGC 2264 CMM3 is 
surrounded by a cold envelope (T ~ 10 K). In fact, the deuterium fractionation ratios of 
various molecules including neutral speci es ar e almost comparable with those reported for 
the cold dark cloud L134N (Tine et ah 2000 ; Turner 2001 ). as shown in Table 0 Such a 
structure of NGC 2264 CMM3 seems to be r elated to the youth of th e protostar suggested 


by th e short dynamical age of the outflow (ISamwatari et al.l l201ll) . lEmprechtinger et ah 


(12009 ) reported that the N 2 D + /N 2 H + ratio decreases as protostellar evolution. The above 
observational result for N 2 D + /N 2 H + in NGC2264 CMM3 is consistent with theirs. 


4.3. Comparison with Orion KL 


In this study, we also observed Orion KL in the 3 mm and 4 mm bands with the 
Nobeyama 45 m telescope for comparing with the NGC 2264 CMM3 spectrum. The ob¬ 
served position is : (oj 2 ooo; Jj 2 ooo) = (5 h 35 m 14 s .5, —05° 22'30".4). The Orion KL is the 
nearest high-mass star-forming region to the Sun (d = 437 pc: Hi rota et ah 120071) . The 


(e.g. 

Johansson et ah 

1984: 

Turne 

r ll989 

Schilke et ah 

1997; 

interferometers (e.g. 

Blake et ah 

19961: 

Beuther et ah 

2005) 


The composite spectrum is 
shown in Figure [HI The spectral pattern of NGC 2264 CMM3 is largely different from that 
of Orion KL, indicating a significant chemical difference as well as different excitation con¬ 
ditions between these two sources. Indeed, the rotation temperatures of molecules are much 


higher in the Orion KL than in NGC 2264 CMM3 (e.g. Blake et ah 19871 ) 


As shown in Figure [ 6 ] (a), the intensities of N 2 H + and HNC relative to the intensity of 
CS are brighter in the NGC 2264 CMMs than Orion KL. In addition, intensities of carbon- 
chain molecules such as CCS, C 3 S, C 4 H, and HC 5 N, as well as deuterium bearing species 
such as DCN and DNC are found to be stronger in the NGC 2264 CMM3 (Figure El b). Note 
that the DCO + and N 2 D + lines are not detected in Orion KL (Figure Eb)- On the other 
hand, intensities of the SO, S0 2 , and SiO lines are relatively stronger in Orion KL than 
NGC 2264 CMM3. Intensities of complex organic molecules such as CH 3 CN, CH 3 OCH 3 , 
and HCOOCH 3 are also higher in Orion KL. 
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The spectra of the two sources are strikingly different from each other, indicating the 
difference of chemical compositions between the two objects. Figure [7] shows comparison 
of the column densities between NGC 2264 CMM3 and Orion KL (Tabled]). In this com- 


2014: 

| ? -- 

Carvaial et al. 

2009: 

Comito et al. 

2005; 

Esplugues e 

; al. 

2013a 

b; 

Havkal 

et al. 

2014; 

Kolesnikova et al. 

2014; 

Marcclino et al. 

2009 

Neill et al. 

2011 

1: Tercero et al. 

2oU 

2011 ; 


Turner 


19911) . because our observation of this source is less sensitive than the previous ob¬ 


servations and restricted within the narrow frequency range. Since Orion KL is com pose d 
of several components with different physical and chemical conditions (Blake et ah 19871) . 
we use the a verage column density of these component for comparison, as employed by 
Fuente et ahl (20141). As described in the footnote of Tabled] we calculate the column den¬ 
sity convolved with the 15" beam by considering the column density and source size of 
each components. This enables us a fair comparison with NGC 2264 CMM3, where several 
components are not resolved in this study. 

In general, the column densities are higher in Orion KL than NGC 2246 CMM3 for 
almost all the species. For comparison between the two sources, we employ C 34 S as a st an¬ 


dard molecule, because CS is ubiquitously pre sent under various conditions (e.g IZhou et al. 


19891: iTatematsu et al.lll993t iBlake et al.lIl996l) . The abundances of carbon-chain molecules 
such as CCS, C 3 S, and HC 5 N relative to the C 34 S are higher by an order of magnitude in 
NGC 2264 CMM3 than in Orion KL. The abundances of SO, SO 2 , SiO, and complex or¬ 
ganic molecules (HCOOCH 3 and CH 3 OCH 3 ) are lower in NGC 2264 CMM3 by an order of 
magnitude or more. An exception for this is CH 3 CHO, which shows little difference between 
the two objects. 


For reference, we prepared the column density plot between NGC2264 CMM3 and the 
Orion hot core and that between NGC2264 CMM3 and the Orion compact ridge, as shown 
in Figures [H] (a) and (b), respectively. In this case, the averaging processes made for Figure [7] 
are not adopted. Even in this plot, we can see the same trend mentioned above, although 
the number of molecular species are limited, because some species only exist in the hot core 
or the compact ridge. 


From the comparisons with Orion KL, NGC 2264 CMM3 is found to be abundant in 
carbon-chain molecules and deficient in complex organic molecules, SO, and S 02 - Abun¬ 


dant carbon-chain molecules are usually found in young starless cores flSuzuki et ahl 1992 


Hirota et al.ll2009h . while complex organic mol ecules and sulfur-bearing molecules are char 


acteristic of hot co res and hot corions (e.g. IBlake et al.l Il994j; Ivan Dishoeck et al.l 11995 


Cazaux et ah 120031 ). Therefore, the chemical compositions found in NGC 2264 CMM3 in¬ 


dicate its chemical youth, where the protostar is very young and a hot core is not yet well 
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developed around it. Indeed, the protostar is deeply emb edded in the dense core, as in¬ 
dicated by high visual extinction to the protostar (jSaruwatari et ah 2 0111) . The chemical 
youth is also suggested by the richness in deuterated molecules: NGC 2264 CMM3 is still 
surrounded by cold envelope gas. Although high excitation CH 3 OH lines are detected, most 
of molecules would reside in the protostar envelope, because the rotation temperatures in 
NGC 2264 CMM3 are lower than those found in hot cores (e.g. Blake et al. 1987 : Favre et ah 

201lh . 


It is very surprising that such a cold envelope gas still exists in the central part of the 
active cluster forming region as a parent cloud for high-mass star formation. Therefore, this 
result would give an important clue to understanding evolution of a cluster forming clump. 
It is also interesting that NGC 2264 CMM3 seems to harbor a hot and dense region around 
the protostar, as inferred from detection of the high excitation lines of CH 3 OH. It is still 
controversial whether such a hot and dense region corresponds to a hot core or to a shocked 
region caused by the infant outflow found by Saruwatar i et ah (2011). Above all, this source 
is a novel target to explore the early stage of high mass star formation, and high spatial 
resolution observations are awaited. 


The authors are grateful to the Nobeyama Radio Observatory (NRO) staff for excellent 
support in the observation with the 45 m telescope. The 45 m radio telescope is operated by 
the NRO, a branch of the National Astronomical Observatory of Japan, National Institutes 
of Natural Sciences. The authors are also grateful to the ASTE staff for excellent support. 
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Ibaraki University, and Hokkaido University. Observations with ASTE were in part carried 
out remotely from Japan by using NTT’s GEMnet2 and its partnet R&E (Research and 
Education) networks, which are based on AccessNova collaboration among University of 
Chile, NTT Laboratories, and NAOJ. This study is supported by a Grant-in-Aid from the 
Ministry of Education, Culture, Sports, Science, and Technology of Japan (No. 21224002, 
21740132, and 25108005). 
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Fig. 2.— Marginal detections of S0+, HCO^, NH 2 CHO, CH 3 OCH 3 , and HCOOCH 3 . The 
vertical dotted lines indicate the expected line positions, where the line of sight velocity is 
7.7 km s _1 , according to the C 18 0(J =1 — 0) data. 
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Fig. 3.— Profile of the high excitation CH 3 OH lines. The vertical line indicates 7.7 km s” 1 
which is the line of sight velocity of C 18 0(J =1 — 0). 
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Fig. 4.— A rotation diagram of CH 3 OH. A dashed line indicates a single temperature fit. 
Since the single temperature fit shows a ‘V-shaped’ systematic residual as shown in the 
bottom panel, we employ a two-component model in derivation of the column density, as 
described in the text. 





Fig. 5.— A profile map of CH 3 OH(13 i — 13oA~ + ) in NGC 2264 CMM3. The grid spacing 
almost corresponds to the FWHM size of the telescope beam (22"). Arrows in the bottom 
left corner indicate directions of the right ascension (RA) and the declination (DEC). 
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Fig. 6.— (a) Spectra of NGC 2264 CMM3 (top) and Orion KL (bottom) in the 4 and 
3 mm bands, (b) The expanded spectra of the two objects in the frequency range from 
71.4 GHz to 77.2 GHz. The Vlsr values are assumed to be 7.0 km s -1 and 5.5 km s -1 for 
NGC 2264 CMM3 and Orion KL, respectively. 
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Fig. 7.— A plot of column densities between NGC 2264 CMM3 and Orion KL based on 
Table [8] For the column densities toward Orion KL, see the footnote of Table El Dotted 
lines indicate the column density ratios of 10, 1, 0.1, 0.01 and 0.001. The thick dashed 
line represents the condition that the abundances relative to C 34 S are identical for the both 
sources. For molecules above this line, their abundances are higher in NGC 2264 CMM3 than 
Orion KL. For the molecules below this line, their abundances are lower in NGC 2264 CMM3 
than Orion KL. 
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Fig. 8.— (a) A plot of column densities between NGC 2264 CMM3 and the Orion hot core. 
Dotted lines indicate the column density ratios of 10, 1, 0.1, 0.01 and 0.001. The thick 
dashed line represents the condition that the abundances relative to C 34 S and identical for 
the both sources, (b) A plot of column densities between NGC 2264 CMM3 and the Orion 
compact ridge. Dotted lines indicate the column density ratios of 100, 10, 1, 0.1, and 0.01. 
The meaning of the thick dashed line is the same as (a). Th e colum n densitie s of Orion hot 
core a nd compact ridge are emp loyed from iMarcelino et al.l (1200911 fHNCOb 
(hoioh (C 34 S, H?CS, and PCS) , " 


Tercero et ah 


and S0 2 ), and Esplugues et al. ( 2013bl) (HC 3 N, and HC 5 N) 


(20.11) (SiO), Espl ugues et al. 


Tercero et al. 


(I2013all (SO 




































Table 1: Summary of observations at Nobeyama 45 m and ASTE 10 m. 


Telescope 

Receiver 

Frequency 21 

(GHz) 

Res. b 

(MHz) 

Tsys c 

(K) 

r.m.s d 
(mK) 

FWHM e 
(arcsec) 

Vmb 

(%) 

Nobeyama 45 m 

T70H/V 

67.97 - 92.43 

0.5 

140 - 380 

13 - 51 

20 - 22 

31 - 38 

Nobeyama 45 m 

TZ1H/V 

92.37 - 116.00 

0.5 

140 - 240 

11 - 56 

15 - 20 

24 - 31 

ASTE 10 m 

CATS345 

329.98 - 366.00 

1.0 

150 - 400 

13 - 39 

21 - 23 

60 


“Observed frequency ranges. 

& The spectral resolutions of the final spectra. 

“The system noise temperatures of the receivers in the observations. 
d A typical r.m.s. noise of the final spectra at the spectral resolution. 
“The full-width half-maximum beam width, 
f The main-beam efficiencies of the telescopes. 
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Table 2. Line parameters observed in NGC 2264 CMM3 with NRO 45 m telescope. 


Name a 

Frequency ^ 
(GHz) 


Transition 

F u 

(K) 

Sm 2 

(Debye 2 ) 

T mb Peak c 
(mK) 

fT mb dv c 
(K km s _1 ) 

FWHM d 
(km a -1 ) 

Vlsr d 

(km s -1 ) 

ch 3 cch 

68.361036 

4 2 — 3 2 



37.1 

3.6865 

< 154 

< 0.3 




ch 3 cch 

68.364957 

4i -3i 



15.4 

4.6087 

222 ± 154 

0.85 ± 0.66 

2.9 

± 2.7 

8.1 ± 0.7 

ch 3 cch 

68.366264 

o 

CO 

1 

o 



8.2 

4.9158 

206 ± 154 

1.10 ± 0.66 

4.5 

± 1.6 

7.2 ± 0.6 

h 2 cs 

68.699385 

2 0 2 — lo 1 



4.9 

5.4395 

257 ± 141 

1.15 ± 0.42 

3.2 

± 0.9 

7.7 ± 0.2 

so 2 

68.972159 

6l5 — 6o 6 



22.5 

14.779 

176 ± 115 

0.72 ± 0.42 

3.3 

± 1.0 

7.2 ± 0.3 

NS 

69.002890 

n = 1/2, j = 

3/2 - 

1/2, F = 5/2 - 3/2, e 

3.3 

6.5557 

184 ± 107 

0.56 ± 0.39 

2.8 

± 0.5 

7.6 ± 0.3 

NS 

69.017953 

n = 1/2, j = 

3/2 - 

1/2, F = 3/2 - 1/2, e 

3.3 

2.4268 

124 ± 107 

0.26 ± 0.23 

2.1 

± 1.1 

7.7 ± 1.0 

NS 

69.037510 

Q = 1/2, J = 

3/2 - 

1/2, F = 3/2 - 3/2, e 

3.3 

1.9404 

115 ± 107 

0.39 ± 0.32 

3.1 

± 1.4 

8.2 ± 0.5 

u 

69.0818 






111 ± 105 

0.29 ± 0.31 




hc 5 n 

69.227183 

J = 26-25 



44.9 

487.51 

142 ± 85 

0.40 ± 0.31 

2.5 

± 1.6 

8.1 ± 1.0 

CCS 

69.281115 

Nj= 5g - 4 5 


11.5 

49.518 

350 ± 85 

1.17 ± 0.31 

3.1 

± 0.4 

7.4 ± 0.2 

NS 

69.411943 

n = 1/2, j = 

3/2 - 

1/2, F = 5/2 - 3/2, / 

3.4 

6.5528 

225 ± 104 

0.47 ± 0.22 

2.4 

± 0.5 

6.8 ± 0.3 

NS 

69.485223 

a = 1/2, j = 

3/2 - 

1/2, F = 3/2 - 1/2, / 

3.3 

2.4218 

< 92 

< 0.2 




so 2 

69.575927 

i 

o 

o 

o 



3.3 

2.6673 

120 ± 80 

0.30 ± 0.29 

e 



h 2 cs 

69.746747 

2 1 1 — ll0 



18.2 

4.0797 

297 ± 74 

1.00 ± 0.27 

3.2 

± 0.4 

7.6 ± 0.2 

SO+ 

69.783846 

Q = 1/2, J = 

3/2 - 

1/2 

3.4 

1.3122 

87 ± 74 

0.33 ± 0.27 

f 



13 CH 3 OH 

70.190200 

5 0 — 4i,E 



47.1 

1.8876 

< 80 

< 0.3 




h£ 3 co 

71.024788 

o 

1 

o 

o 

o 



3.4 

5.4386 

162 ± 64 

0.60 ± 0.26 

3.3 

± 0.4 

7.6 ± 0.2 

u 

71.4358 






84 ± 66 

0.49 ± 0.30 




hc 5 n 

71.889595 

J = 27-26 



48.3 

506.18 

193 ± 56 

0.56 ± 0.23 

2.6 

± 0.3 

8.2 ± 0.2 

DCO+ 

72.039312 

J = 1-0 



3.5 

15.211 

1214 ± 60 

4.3 ± 0.2 

3.3 

± 0.1 

7.6 ± 0.1 

CCD 

72.107700 

N = 1 - 0, J 

= 3/2 

- 1/2, F = 5/2 - 3/2 

3.5 

1.1859 

73 ± 56 

0.28 ± 0.23 

3.4 

± 1.2 

8.1 ± 0.5 

CCS 

72.323789 

Nj = 65 - 5 4 


19.2 

39.877 

119 ± 55 

0.50 ± 0.19 

3.0 

± 0.8 

7.7 ± 0.2 

h 2 co 

72.409090 

5i 4 — 5i 5 



65.9 

1.9957 

116 ± 53 

0.42 ± 0.22 

3.3 

± 0.3 

7.5 ± 0.1 

DCN 

72.413504 

J = 1 - 0, F 

= 1 - 

1 

3.5 

8.9447 

344 ± 53 

1.12 ± 0.22 

3.0 

± 0.3 

7.6 ± 0.2 

DCN 

72.414933 

J = 1 - 0, F 

= 2 - 

1 

3.5 

14.909 

604 ± 53 

1.9 ± 0.2 

2.9 

± 0.1 

7.6 ± 0.1 

DCN 

72.417028 

J = 1 - 0, F 

= 0 - 

1 

3.5 

2.9814 

115 ± 53 

0.38 ± 0.19 

2.1 

± 3.8 

7.6 ± 0.9 

hcc 13 cn 

72.482055 

J = 8-7 



15.7 

111.40 

< 50 

< 0.1 




so 2 

72.758243 

6 0 6 — 5i 5 



19.2 

8.0280 

181 ± 55 

0.76 ± 0.22 

3.9 

± 0.4 

7.2 ± 0.2 

HC 3 N 

72.783822 

J = 8- 7 



15.7 

111.42 

2143 ± 55 

7.9 ± 0.3 

3.3 

± 0.1 

7.9 ± 0.1 

h 2 co 

72.837948 

lo1 — Oo 0 



3.5 

5.4374 

4810 ± 55 

21.3 ± 0.4 

3.8 

± 0.1 

7.6 ± 0.1 

ocs 

72.976779 

J = 6 - 5 



12.3 

3.0693 

167 ± 52 

0.63 ± 0.21 

3.5 

± 0.4 

7.7 ± 0.2 

ch 3 cn 

73.577759 

4 3 - 3 3 



73.1 

107.67 

49 ± 48 

0.21 ± 0.19 

3.2 

± 2.5 

8.1 ± 0.7 

ch 3 cn 

73.584543 

4 2 — 3 2 



37.4 

92.297 

76 ± 48 

0.45 ± 0.23 

6.0 

± 5.8 

7.2 ± 2.5 

ch 3 cn 

73.588799 

4i - 3i 



16.0 

115.35 

211 ± 48 

0.87 ± 0.19 

3.5 

± 0.5 

7.7 ± 0.2 

ch 3 cn 

73.590218 

4o - 3 0 



8.8 

123.07 

242 ± 48 

0.83 ± 0.19 

3.0 

± 0.4 

7.8 ± 0.2 

nh 2 d 

74.155770 

2 1 2,0a — 2 q 2 

,0s 


50.7 

18.710 

53 ± 41 

0.20 ± 0.16 

3.5 

± 1.3 

8.8 ± 0.5 

hc 5 n 

74.551987 

J = 28-27 



51.9 

524.93 

182 ± 85 

0.49 ± 0.33 

2.5 

± 0.3 

8.3 ± 0.2 

ch 3 cho 

74.891677 

4i 4 ~ 3i 3 , A 



11.3 

47.431 

< 76 

< 0.2 




ch 3 cho 

74.924134 

4 i 4 ~ 3i 3 , E 



11.3 

47.347 

108 ± 76 

0.47 ± 0.30 

4.3 

± 1.1 

6.9 ± 0.5 

c 3 s 

75.147927 

J = 13-12 



25.3 

178.37 

75 ± 64 

0.30 ± 0.25 

4.3 

± 1.7 

8.1 ± 0.7 

u 

75.5636 






83 ± 57 

0.50 ± 0.27 




dc 3 n 

75.987138 

J = 9-8 



18.2 

125.95 

< 50 

< 0.2 




c 4 h 

76.117431 

N = 8 - 7, J 

= 17/2 - 15/2, F = 8-7 

16.4 

6.0096 

65 ± 51 

0.27 ± 0.17 

2.4 

± 1.8 

7.5 ± 0.2 

c 4 h 

76.117446 

N = 8 - 7, J 

= 17/2 - 15/2, F = 9-8 

16.4 

6.7677 






c 4 h 

76.156027 

N = 8 - 7, J 

= 15/2 - 13/2, F = 7 - 6 

16.5 

5.2484 

74 ± 51 

0.35 ± 0.17 

3.7 

± 0.9 

7.7 ± 0.4 

c 4 h 

76.156029 

N = 8-7, J 

= 15/2 - 13/2, F = 8-7 

16.5 

6.0066 






DNC 

76.305700 

J = 1-0 



3.7 

9.3030 

730 d= 44 

2.2 ± 0.2 

2.8 

± 0.1 

7.5 ± 0.1 

so 2 

76.412165 

10i 9 — 9 2 8 



54.7 

6.4105 

< 41 

< 0.1 




ch 3 oh 

76.509668 

5 0 — 4i,E 



47.9 

1.8941 

181 ± 45 

1.07 ± 0.26 

4.3 

± 0.4 

7.5 ± 0.2 

ch 3 cho 

76.866436 

4q 4 — 3o 3) E 



9.3 

50.594 

173 ± 45 

0.66 ± 0.19 

3.5 

± 0.3 

7.6 ± 0.2 

ch 3 cho 

76.878952 

4 0 4 — 3o 3i A 



9.2 

50.561 

125 ± 45 

0.65 ± 0.19 

4.2 

± 0.5 

7.7 ± 0.2 

ch 3 cho 

77.038601 

42 3 — 3 2 2 , A 



18.3 

37.954 

122 ± 43 

0.51 ± 0.16 

3.9 

± 0.7 

7.6 ± 0.3 

n 2 d+ 

77.107760 

J = 1 - 0, F 1 

= 1 - 

1, F = 2 - 2 

3.7 

16.290 

108 ± 40 

0.39 ± 0.16 

3.2 

± 0.6 

6.6 ± 0.2 

n 2 d+ 

77.107465 

J = 1 - 0, F 1 

= 1 - 

1, F = 0 — 1 

3.7 

3.8533 






n 2 d+ 

77.107760 

J = 1 - 0, Fi 

= 1 - 

1, F = 2 — 1 

3.7 

2.9773 






n 2 d+ 

77.107898 

J = 1 - 0, Fi 

= 1 - 

1, F = 1 - 0 

3.7 

5.9050 






n 2 d+ 

77.107898 

J = 1 - 0, Fi 

= 1 - 

1, F = 1 - 1 

3.7 

1.3688 






n 2 d+ 

77.107898 

J = 1 - 0, F 1 

= 1 - 

1, F = 1 - 2 

3.7 

4.2867 






n 2 d+ 

77.109611 

J = 1 - 0, F 1 

= 2 - 

1, F = 3 - 2 

3.7 

26.971 

203 ± 40 

0.73 ± 0.19 

2.7 

CO 

d 

5.7 ± 0.1 

n 2 d+ 

77.109315 

J = 1 - 0, F 1 

= 2 - 

1, F = 2 - 1 

3.7 

16.290 






n 2 d+ 

77.109315 

J = 1 - 0, Fi 

= 2 - 

1, F = 2 - 2 

3.7 

2.9772 






n 2 d+ 

77.109811 

J = 1 - 0, Fi 

= 2 - 

1, F = 1 - 0 

3.7 

3.5933 






n 2 d+ 

77.109811 

J = 1 - 0, Fi 

= 2 - 

1, F = 1 - 1 

3.7 

7.5094 






n 2 d+ 

77.109811 

J = 1 - 0, Fi 

= 2 - 

1, F = 1 - 2 

3.7 

0.4572 






ch 3 cho 

77.125695 

4 2 2 — 3 2 1, E 



18.4 

37.905 

144 ± 40 

0.35 ± 0.15 

3.9 

± 1.1 

6.3 ± 0.4 









Table 2—Continued 


Name a 

Frequency ^ 
(GHz) 


Transition 



E u 

(K) 

S/i 2 

(Debye 2 ) 

T mb Peak 'i 
(mK) 

ST mb dv <= 
(K km s 1 ) 

FWHM d 
(km s _1 ) 

VlsR d 

(km s _1 ) 

CH 3 CHO 

77.126413 

4:2 3 _ 3 2 2 , E 





18.3 

37.899 







HC 5 N 

77.214359 

J = 29-28 





55.6 

543.75 

340 ± 46 

0.58 ± 0.17 

2.6 

± 0.5 

8.1 

± 0.2 

CH 3 CHO 

77.218291 

42 2 — 32 1 , A 





18.3 

37.953 

51 ± 46 

0.20 ± 0.15 

f 




u 

77.4947 








99 ± 59 

0.29 ± 0.22 





CCS 

77.731711 

Nj = 65 - 5 5 





21.8 

48.384 

66 ± 65 

0.28 ± 0.21 

f 




u 

78.3998 








93 ± 50 

0.32 ± 0.16 





CH 3 CHO 

79.099313 

4i 3 — 3i 2 , E 





11.8 

47.350 

94 ± 52 

0.42 ± 0.19 

3.7 

± 0.8 

7.7 

± 0.3 

CH 3 CHO 

79.150166 

4i 3 — 3i 2 , A 





11.8 

47.426 

106 ± 52 

0.48 ± 0.17 

3.9 

± 0.6 

7.1 

± 0.3 

h 13 cccn 

79.350463 

J = 9-8 





19.0 

125.33 

< 53 

< 0.1 





HCOOCH 3 

79.781707 

7o 7 — 60 6 ) E 





15.8 

18.271 

57 ± 49 

0.18 ± 0.16 

3.2 

± 0.8 

7.5 

± 0.4 

hc 5 n 

79.876710 

J = 30-29 





59.4 

562.49 

181 ± 43 

0.50 ± 0.16 

2.3 

± 0.3 

7.9 

± 0.2 

h 2 cco 

80.076652 

4i 4 ~ 3i 3 





22.7 

7.5847 

112 ± 46 

0.40 ± 0.15 

2.5 

± 0.9 

7.9 

± 0.2 

u 

80.4801 








57 ± 48 

0.23 ± 0.15 





C-C 3 H 2 

80.723180 

4 2 2 — 3i 3 





28.8 

19.518 

62 ± 58 

0.19 ± 0.15 

f 




h 2 cco 

80.832117 

4o 4 — 3o 3 





9.7 

8.0895 

86 ± 54 

0.40 ± 0.19 

4.3 

± 0.8 

7.5 

± 0.4 

c 3 s 

80.928180 

J = 14-13 





29.1 

192.08 

77 ± 54 

0.32 ± 0.17 

3.4 

± 1.0 

7.6 

± 0.4 

CCS 

81.505170 

Nj = 6 7 - 5 6 





15.4 

57.818 

378 ± 62 

1.27 ± 0.27 

3.0 

± 0.2 

7.2 

± 0.1 

h 2 cco 

81.586230 

4i 3 — 3i 2 





22.8 

7.5847 

129 ± 61 

0.57 ± 0.22 

3.9 

± 0.6 

7.4 

± 0.3 

hc 3 n 

81.881468 

J = 9 - 8 





19.7 

125.32 

1977 ± 56 

8.2 ± 0.3 

3.2 

± 0.1 

7.8 

± 0.1 

c-C3H 2 

82.093544 

2 o 2 — ll 1 





6.4 

14.641 

526 ± 61 

1.88 ± 0.29 

3.1 

± 0.1 

7.4 

± 0.1 

hc 5 n 

82.539039 

J = 31 - 30 





63.4 

581.27 

175 ± 74 

0.57 ± 0.26 

2.9 

± 0.4 

8.1 

± 0.2 

c-C3H 2 

82.966200 

3i 2 — 3o 3 





16.1 

10.446 

328 ± 82 

0.98 ± 0.33 

2.5 

± 0.2 

7.4 

± 0.2 

so 2 

83.688093 

81 7 — So 8 





36.7 

17.009 

232 ± 48 

1.14 ± 0.25 

3.7 

± 0.4 

7.3 

± 0.2 

13 cch 

84.119329 

N = 1 - 0, J = 

3/2 - 1/2, Fi = 

= 2 — 1, F 

= 5/2 

- 3/2 

4.1 

1.1859 

< 50 

< 0.1 





dc 3 n 

84.429814 

J = 10-9 





22.3 

139.95 

59 ± 54 

0.18 ± 0.16 

f 




ch 3 oh 

84.521169 

5_i - 4 0 , E 





40.4 

3.0832 

4155 ± 54 

20.2 ± 0.4 

3.7 

± 0.2 

7.2 

± 0.1 

nh 2 cho 

84.542330 

4 o 4 — 3o 3 





10.2 

52.279 

< 54 

< 0.1 





c-C3H 2 

84.727688 

32 2 — 3i 3 





16.1 

10.306 

119 ± 47 

0.37 ± 0.14 

2.6 

± 0.4 

8.1 

± 0.2 

30 SiO 

84.746166 

J = 2 — 1 





6.1 

19.195 

< 47 

< 0.1 





ocs 

85.139103 

J - 7-6 





16.3 

3.5805 

251 ± 53 

1.07 ± 0.26 

2.9 

± 0.2 

7.5 

± 0.1 

hc 18 o+ 

85.162223 

J = 1 - 0 





4.1 

15.210 

337 ± 53 

1.24 ± 0.20 

3.1 

± 0.2 

7.8 

± 0.1 

hc 5 n 

85.201340 

J = 32 - 31 





67.5 

599.97 

216 ± 53 

0.67 ± 0.20 

2.7 

± 0.1 

7.5 

± 0.1 

c 13 ch 

85.229335 

N = 1 — 0, J = 

3/2 - 1/2, Fi = 

= 2 — 1, F 

= 5/2 

- 3/2 

4.1 

1.1859 

< 56 

< 0.1 





c-C3H 2 

85.338894 

2 i 2 — lol 





6.4 

16.050 

1446 ± 53 

5.8 ± 0.2 

3.1 

± 0.1 

7.7 

± 0.1 

HCS+ 

85.347890 

J = 2-1 





6.1 

7.6671 

330 ± 53 

1.20 ± 0.20 

3.3 

± 0.6 

8.0 

± 0.3 

CH 3 CCH 

85.442601 

53 - 4 3 





77.4 

7.8653 

67 ± 50 

0.14 ± 0.15 

1.9 

± 1.7 

7.4 

± 1.4 

CH 3 CCH 

85.450766 

5 2 — 4 2 





41.2 

5.1610 

168 ± 50 

0.54 ± 0.19 

2.7 

± 3.1 

8.3 

± 1.3 

CH 3 CCH 

85.455667 

5i -4i 





19.5 

5.8994 

412 ± 50 

1.47 ± 0.17 

2.8 

± 0.3 

8.1 

± 0.1 

CH 3 CCH 

85.457300 

5 0 - 4 0 





12.3 

6.1451 

554 ± 50 

1.74 ± 0.15 

3.0 

± 0.2 

7.9 

± 0.1 

HCOj 

85.531512 

4 o 4 — 3o 3 





10.3 

15.997 

56 ± 50 

0.24 ± 0.19 

4.0 

± 1.0 

7.1 

± 0.4 

c 4 h 

85.634004 

N = 9 - 8 , J = 

19/2 - 17/2, F 

= 9-8 



20.6 

6.7708 

158 ± 52 

0.55 ± 0.18 

3.1 

± 0.3 

7.3 

± 0.2 

c 4 h 

85.634015 

N = 9 - 8 , J = 

19/2 - 17/2, F 

= 10-9 



20.5 

7.5290 







c-C3H 2 

85.656431 

43 2 — 4 2 3 





29.1 

18.719 

135 ± 52 

0.31 ± 0.15 

2.2 

± 0.4 

7.3 

± 0.3 

c 4 h 

85.672579 

N = 9 - 8 , J = 

17/2 - 15/2, F 

= 8-7 



20.6 

6.0113 

128 ± 52 

0.45 ± 0.18 

2.9 

± 0.5 

7.9 

± 0.2 

c 4 h 

85.672581 

N = 9 - 8 , J = 

17/2 - 15/2,F 

= 9-8 



20.6 

6.7697 







29 SiO 

85.759194 

J = 2-1 





6.2 

19.197 

< 53 

< 0.1 





nh 2 d 

85.926278 

ll 1 — lo 1 





20.7 

9.5327 

1154 ± 56 

7.1 ± 0.3 

5.5 

± 0.3 

7.2 

± 0.1 

hc 15 n 

86.054966 

J = 1 - 0 





4.1 

8.9113 

530 ± 59 

1.84 ± 0.25 

3.0 

± 0.1 

7.7 

± 0.1 

so 

86.093950 

Nj = 2 2 — l x 





19.3 

3.5341 

948 ± 52 

4.8 ± 0.4 

3.3 

± 0.1 

7.5 

± 0.1 

CCS 

86.181391 

Nj = 7 6 — 65 





23.4 

48.469 

171 ± 52 

0.54 ± 0.20 

2.7 

± 0.3 

7.5 

± 0.1 

h 13 cn 

86.338733 

J = 1 - 0, F = 

1-1 




4.1 

2.9704 

656 ± 57 

2.74 ± 0.23 

3.2 

± 0.1 

7.6 

± 0.1 

h 13 cn 

86.340163 

J = 1 - 0, F = 

2-1 




4.1 

4.9510 

1041 ± 57 

4.1 ± 0.2 

3.1 

± 0.1 

7.6 

± 0.1 

h 13 cn 

86.342251 

J = 1 - 0, F = 

0-1 




4.1 

0.9900 

282 ± 57 

1.06 ± 0.23 

3.4 

± 0.3 

7.7 

± 0.1 

u 

86.3772 








63 ± 57 

0.19 ± 0.17 





HCO 

86.670760 

lo 1 — Oo 0 ) J = 

3/2 - 1/2, F = 

2-1 



4.2 

3.0939 

143 ± 65 

0.55 ± 0.27 

3.5 

± 0.5 

8.1 

± 0.2 

C 3 s 

86.708379 

J = 15-14 





33.3 

205.82 

99 ± 65 

0.31 ± 0.22 

2.8 

± 0.5 

8.0 

± 0.2 

HCO 

86.708360 

lo 1 — Oo 0 ) J = 

3/2 - 1/2, F = 

2-1 



4.2 

1.8168 







h 13 co+ 

86.754288 

J = 1-0 





4.2 

15.212 

2406 ± 65 

9.1 ± 0.2 

3.0 

± 0.0 

7.6 

± 0.1 

HCO 

86.777460 

lo 1 — Oo 0 ) J = 

1/2 - 1/2, F = 

1-1 



4.2 

1.8269 

114 ± 65 

0.33 ± 0.21 

2.1 

± 0.9 

8.1 

± 0.2 

SiO 

86.846985 

J = 2 - 1 





6.3 

19.198 

945 ± 58 

9.8 ± 0.6 

6.2 

± 0.6 

7.4 

± 0.2 

hc 17 o+ 

87.057535 

J = 1 - 0 





4.2 

15.211 

< 63 

< 0.2 





hn 13 c 

87.090825 

J = 1-0 





4.2 

9.3022 

743 ± 63 

2.9 ± 0.2 

3.0 

± 0.1 

7.8 

± 0.1 

CCH 

87.284105 

N = 1 - 0, J = 

3/2 - 1/2, F = 

1-1 



4.2 

0.1007 

406 ± 57 

1.5 ± 0.2 

3.2 

± 0.2 

7.7 

± 0.1 

CCH 

87.316898 

AT = 1 - 0, J = 

3/2 - 1/2, F = 

2-1 



4.2 

0.9882 

2861 ± 57 

11.0 ± 0.3 

3.2 

± 0.1 

7.8 

± 0.1 

CCH 

87.328585 

N = 1 — 0, J = 

3/2 - 1/2, F = 

1-0 



4.2 

0.4922 

1695 ± 57 

6.1 ± 0.3 

3.1 

± 0.1 

7.8 

± 0.1 

CCH 

87.401989 

AT = 1 - 0, J = 

1/2 - 1/2, F = 

1-1 



4.2 

0.4922 

1503 ± 63 

6.0 ± 0.2 

3.2 

± 0.4 

7.9 

± 0.1 



Table 2—Continued 


Name a 

Frequency ^ 
(GHz) 

Transition 


E u 

(K) 

S M 2 

(Debye 2 ) 

T mb Peak ' 
(mK) 

fT mb dv c 
(K km s _1 ) 

FWHM d 
(km s _1 ) 

Vlsr d 

(km s -1 ) 

CCH 

87.407165 

N = 1 - 0, J = 1/2 - 1/2, F = 0 - 

1 

4.2 

0.1976 

812 ± 63 

2.6 ± 0.2 

3.0 ± 1.5 

7.9 ± 0.7 

CCH 

87.446470 

N = 1 - 0, J = 1/2 - 1/2, F = 1 - 

0 

4.2 

0.1007 

419 ± 63 

1.7 ± 0.3 

3.1 ± 0.2 

8.0 ± 0.1 

hc 5 n 

87.863630 

J = 33-32 


71.7 

618.75 

114 ± 53 

0.35 ± 0.20 

2.6 ± 0.7 

8.2 ± 0.3 

HNCO 

87.925237 

4 0 3 — 3o 2 


10.6 

9.9869 

338 ± 53 

1.4 ± 0.2 

3.9 ± 0.2 

7.5 ± 0.1 

HCN 

88.630416 

J=l — 0, F = l — 1 


4.3 

8.9125 

8588 ± 66 

75.0 ± 0.6 

3.9 ± 0.1 

6.8 ± 0.1 

HCN 

88.631848 

J = 1 - 0, F = 2 - 1 


4.3 

14.852 





HCN 

88.633936 

J = l — 0, F = 0 — 1 


4.3 

2.9707 





h 15 nc 

88.865715 

J = 1-0 


4.3 

7.2839 

192 ± 66 

0.74 ± 0.24 

3.3 ± 0.5 

7.9 ± 0.2 

HCO+ 

89.188525 

J = 1 - 0 


4.3 

15.211 

13886 ± 90 

67.7 ± 0.9 

4.4 ± 0.2 

7.0 ± 0.1 

HCOOCH3 

90.227659 

80 8 — 7o 7, E 


20.1 

20.893 

54 ± 51 

0.17 ± 0.17 

2.7 ± 0.8 

8.9 ± 0.4 

1S NNH+ 

90.263912 

J = l — 0, F = 2 — 1 


4.3 

11.560 

79 ± 51 

0.37 ± 0.20 

3.4 ± 0.9 

7.2 ± 0.4 

15 nnh+ 

90.263487 

J=l — 0, F = l — 1 


4.3 

19.265 





hc 5 n 

90.525890 

J = 34-33 


76.0 

637.50 

106 ± 55 

0.28 ± 0.18 

1.9 ± 1.0 

8.2 ± 0.3 

hcc 13 cn 

90.601777 

J = 10-9 


23.9 

139.25 

65 ± 61 

0 13+ 017 

U-1 - 0.13 

f 


HNC 

90.663568 

J = 1 - 0 


4.4 

9.3020 

7984 ± 61 

29.4 ± 0.4 

3.4 ± 0.1 

7.1 ± 0.1 

CCS 

90.686381 

Nj = 7 7 - 6 e 


26.1 

56.880 

111 ± 61 

0.42 ± 0.22 

3.5 ± 0.6 

7.8 ± 0.2 

HC 3 N 

90.979023 

J = 10 - 9 


24.0 

139.26 

2617 ± 54 

8.8 ± 0.3 

3.0 ± 0.1 

7.8 ± 0.1 

n 15 nh+ 

91.204262 

J = 1 - 0, F = 1 - 1 


4.4 

11.561 

< 60 

< 0.1 



n 15 nh+ 

91.205991 

J = l — 0, F = 2 — 1 


4.4 

19.266 

< 60 

< 0.1 



CH3CN 

91.971130 

5 3 - 4 3 


77.6 

196.89 

86 ± 65 

0.27 ± 0.18 

e 


CH3CN 

91.979994 

5 2 — 42 


41.8 

129.19 

93 ± 65 

0.34 ± 0.21 

3.1 ± 3.4 

8.1 ± 1.3 

CH3CN 

91.985314 

5i -n 


20.4 

147.65 

226 ± 65 

0.89 ± 0.23 

3.5 ± 0.5 

7.7 ± 0.2 

CH3CN 

91.987088 

5o - 4 0 


13.2 

153.81 

331 ± 65 

1.24 ± 0.23 

3.0 ± 0.3 

7.7 ± 0.1 

13 cs 

92.494308 

J = 2 - 1 


6.7 

15.336 

575 ± 55 

1.9 ± 0.2 

3.0 ± 0.1 

8.1 ± 0.1 

u 

92.6591 





67 ± 57 

0.24 ± 0.18 



dc 3 n 

92.872375 

J = 11-10 


26.7 

153.94 

74 ± 53 

0.15 ± 0.15 

e 


n 2 h+ 

93.171911 

J = 1 — 0, Fi = l — 1,F = 0-1 


4.5 

37.250 

7353 ± 47 

16.8 ± 0.2 

3.2 ± 0.1 

7.6 ± 0.1 

n 2 h+ 

93.173770 

J = 1 — 0, Fi = l — 1,F = 2 — 1 


4.5 

62.079 

6785 ± 47 

24.6 ± 0.2 

3.4 ± 0.1 

7.8 ± 0.1 

n 2 h+ 

93.176260 

J = l-0, Fi=0-1,F = 1-1 


4.5 

12.416 

1995 ± 47 

6.5 ± 0.2 

3.0 ± 0.1 

7.8 ± 0.1 

hc 5 n 

93.188123 

J = 35 - 34 


80.5 

656.28 

159 ± 47 

0.33 ± 0.13 

1.9 ± 0.2 

7.8 ± 0.2 

CH3CHO 

93.580909 

5i 5 — 4i 4, A 


15.8 

60.703 

122 ± 64 

0.62 ± 0.20 

4.2 ± 0.7 

7.5 ± 0.3 

u 

93.5912 





78 ± 69 

0.25 ± 0.22 



CH3CHO 

93.595235 

5i 5 — 4i 4, E 


15.8 

60.699 

146 ± 64 

0.43 ± 0.20 

3.0 ± 0.6 

7.5 ± 0.3 

CCS 

93.870107 

Nj = 7g - 67 


19.9 

66.110 

281 ± 53 

0.92 ± 0.18 

2.8 ± 0.1 

7.7 ± 0.1 

u 

94.1134 





64 ± 54 

0.14 ± 0.12 



u 

94.1235 





72 ± 54 

0.18 ± 0.15 



13 CH 3 OH 

94.405163 

2-1 - 1-1,E 


12.4 

1.2137 

90 ± 57 

0.22 ± 0.17 

3.5 ± 1.1 

7.7 ± 0.5 

13 ch 3 oh 

94.407129 

2 0 - 1 0 , A+ 


6.8 

1.6173 

103 ± 57 

0.20 ± 0.17 

3.0 ± 0.9 

7.8 ± 0.4 

u 

94.7159 





56 ± 54 

0.13 ± 0.14 



c 4 h 

95.150389 

N = 10 — 9, J = 21/2 - 19/2, F = 

10-9 

25.1 

7.5316 

114 ± 48 

0.31 ± 0.18 

3.8 ± 0.6 

7.8 ± 0.2 

c 4 h 

95.150397 

N = 10 — 9, J = 21/2 - 19/2, F = 

11 - 10 

25.1 

8.2906 





ch 3 oh 

95.169463 

So - 71, A+ 


83.6 

7.2210 

1750 ± 48 

10.9 ± 0.3 

4.7 ± 0.3 

7.2 ± 0.1 

c 4 h 

95.188946 

N = 10 - 9, J = 19/2 - 17/2, F = 

9-8 

25.1 

6.7727 

99 ± 48 

0.34 ± 0.17 

3.3 ± 0.6 

7.5 ± 0.3 

c 4 h 

95.188948 

N = 10 - 9, J = 19/2 - 17/2, F = 

10-9 

25.1 

7.5312 





hc 5 n 

95.850335 

J = 36-35 


85.1 

674.98 

94 ± 40 

0.19 ± 0.12 

2.2 ± 0.6 

8.0 ± 0.1 

ch 3 oh 

95.914309 

2i - l!,A+ 


21.4 

1.2142 

416 ± 40 

2.1 ± 0.2 

4.1 ± 0.3 

7.6 ± 0.1 

CH3CHO 

95.947437 

5o 5 — 4 o 4 > E 


13.9 

63.228 

175 ± 40 

0.88 ± 0.20 

3.7 ± 0.3 

7.9 ± 0.1 

CH3CHO 

95.963459 

5o 5 — 4o 4 , A 


13.8 

63.186 

176 ± 40 

0.82 ± 0.19 

3.9 ± 0.3 

7.6 ± 0.1 

HCOOCH3 

96.070725 

8 2 7 — 7 26 ,E 


23.6 

19.843 

38 ± 33 

0.15 ± 0.09 

3.5 ± 1.4 

7.9 ± 0.6 

HCOOCH3 

96.076845 

82 7 — 7 2 6> A 


23.6 

19.849 

43 ± 33 

0.14 ± 0.10 



CH3CHO 

96.274252 

5 2 4 — 4 2 3> A 


22.9 

53.134 

59 ± 33 

0.21 ± 0.10 

3.5 ± 0.7 

7.7 ± 0.3 

CH3CHO 

96.367787 

53 3 — 43 2 , A 


34.3 

40.496 

47 ± 33 

0.19 ± 0.11 

4.3 ± 1.0 

6.5 ± 0.4 

CH3CHO 

96.368374 

53 2 — 43 1, E 


34.3 

40.496 





c 34 s 

96.412949 

2-1 


6.9 

7.6678 

1588 ± 33 

5.9 ± 0.2 

3.1 ± 0.1 

7.9 ± 0.1 

CH3CHO 

96.425614 

5 2 4 — 42 3, E 


23.0 

52.829 

90 ± 33 

0.32 ± 0.11 

3.2 ± 0.5 

7.6 ± 0.2 

CH3CHO 

96.475524 

5 2 3 — 42 2 > E 


23.0 

52.843 

87 ± 33 

0.27 ± 0.11 

2.9 ± 0.4 

7.6 ± 0.2 

CH3CHO 

96.632663 

5 2 2 ~ 42 2 > A 


23.0 

53.135 

87 ± 35 

0.29 ± 0.13 

2.7 ± 0.5 

7.1 ± 0.3 

u 

96.6594 





67 ± 35 

0.17 ± 0.11 



CH30H 

96.739362 

2-1 - l-i, E 


12.5 

1.2134 

3392 ± 37 

16.1 ± 0.2 

4.2 ± 0.2 

7.7 ± 0.1 

CH30H 

96.741375 

2 0 - 1 0 , A+ 


7.0 

1.6170 

4214 ± 37 

17.9 ± 0.1 

3.6 ± 0.1 

7.7 ± 0.1 

CH30H 

96.744550 

2o — 4 0 >E 


20.1 

1.6166 

971 ± 37 

4.2 ± 0.2 

4.6 ± 0.7 

7.8 ± 0.3 

CH30H 

96.755511 

2i - li,E 


28.0 

1.2442 

301 ± 37 

1.5 ± 0.2 

3.7 ± 0.2 

7.5 ± 0.1 

h 13 cccn 

96.983001 

J = 11-10 


27.9 

153.18 

50 ± 35 

0.14 ± 0.11 

f 


c 33 s 

97.166285 

J = 2 - 1, F = 1/2 - 3/2 


7.0 

0.5100 

39 ± 36 

0.10 ± 0.09 

f 


c 33 s 

97.169513 

J = 2 - 1, F = 3/2 - 3/2 


7.0 

3.2641 

51 ± 36 

0.14 ± 0.11 

f 


c 33 s 

97.171840 

J = 2 - 1, F = 5/2 - 3/2 


7.0 

6.4260 

318 ± 36 

1.02 ± 0.12 

2.9 ± 0.2 

7.9 ± 0.1 



Table 2—Continued 


Name a 

Frequency ^ 
(GHz) 

Transition 




E u 

(K) 

S/i 2 

(Debye 2 ) 

T mb Peak c 
(mK) 

fT mb dv c 
(K km s 1 ) 

FWHM d 
(km s -1 ) 

Vlsr d 

(km s _1 ) 

C 33 S 

97.171840 

J = 2 - 1, F = 7/2 - 5/2 




7.0 

12.239 







C 33 S 

97.171840 

J = 2 - 1, F = 1/2 - 1/2 




7.0 

2.5500 







C 33 S 

97.172624 

J = 2 - 1, F = 3/2 - 5/2 




7.0 

0.3060 







c 33 s 

97.174996 

J = 2 - 1, F = 5/2 - 5/2 




7.0 

2.7537 

86 ± 36 

0.23 ± 0.11 

2.0 

± 3.1 

7.8 

± 1.1 

c 33 s 

97.175271 

J = 2 - 1, F = 3/2 - 1/2 




7.0 

2.5498 







ocs 

97.301209 

J = 8-7 




21.0 

4.0926 

235 ± 34 

0.96 ± 0.14 

3.6 

± 0.2 

7.6 

± 0.1 

CH 3 OH 

97.582804 

2i - 2i, A - 




21.6 

1.2142 

488 ± 34 

2.3 ± 0.2 

4.0 

± 0.2 

7.5 

± 0.1 

34 SO 

97.715317 

Nj =3 2 ~ 2i 




9.1 

6.9152 

365 ± 34 

1.2 ± 0.1 

3.0 

± 0.1 

7.7 

± 0.1 

cs 

97.980953 

J = 2-1 




7.1 

7.6687 

9398 ± 38 

50.3 ± 0.3 

4.6 

± 0.2 

7.6 

± 0.1 

u 

98.1251 







41 ± 40 

0.11 ± 0.10 





c 3 s 

98.268516 

J = 17-16 




42.5 

233.26 

80 ± 41 

0.19 ± 0.12 

2.0 

± 0.5 

7.4 

± 0.3 

33 SO 

98.493642 

Nj = 3 2 — 2i,F = 9/2 — 7/2 




9.2 

9.8788 

51 ± 41 

0.10 ± 0.08 

f 




hc 5 n 

98.512524 

J = 37-36 




89.9 

693.66 

121 ± 35 

0.31 ± 0.11 

2.0 

± 0.3 

8.2 

± 0.2 

CH3CHO 

98.863314 

5i 4 — 4i 3, E 




16.6 

60.694 

225 ± 51 

0.78 ± 0.22 

4.5 

± 0.4 

7.7 

± 0.2 

CH3CHO 

98.900944 

5i 4 - 4i 3, A 




16.5 

60.702 

140 ± 51 

0.56 ± 0.17 

3.2 

± 0.4 

7.6 

± 0.2 

so 

99.299870 

Nj =3 2 ~ 2i 




9.2 

6.9114 

4000 ± 48 

17.1 ± 0.4 

3.0 

± 0.1 

7.4 

± 0.0 

CH30CH3 

99.325250 

4i 4 — 3o 35 EA 




10.2 

55.274 

54 ± 48 

0.26 ± 0.17 

5.2 

± 1.1 

8.6 

± 0.5 

CH30CH3 

99.324430 

4i 4 ~ 3o 35 AE 




10.2 

13.821 







CH30CH3 

99.324430 

4i 4 ~ 3o 35 EE 




10.2 

20.732 







CH30CH3 

99.326000 

4i 4 ~ 3o 3 ? AA 




10.2 

34.548 







hcc 13 cn 

99.661467 

J = 11 — 10 




28.7 

153.19 

89 ± 57 

0.34 ± 0.19 

3.4 

± 1.0 

7.1 

± 0.4 

CCS 

99.866521 

N = 8 — 7,J = 7 — 6 




28.1 

56.979 

139 ± 57 

0.32 ± 0.18 

2.0 

± 0.3 

7.2 

± 0.2 

so 

100.029640 

Nj = 4 5 - 4 4 




38.6 

0.8363 

127 ± 51 

0.43 ± 0.16 

3.3 

± 0.6 

7.5 

± 0.2 

hc 3 n 

100.076392 

J = 11 — 10 




28.8 

153.17 

1869 ± 51 

7.2 ± 0.3 

2.8 

± 0.1 

7.7 

± 0.0 

h 2 cco 

100.094514 

5l5 — 4i 4 




27.5 

9.7093 

154 ± 51 

0.42 ± 0.10 

2.3 

± 0.3 

7.5 

± 0.1 

so 2 

100.878105 

22 0 — 3i3 




12.6 

0.4294 

66 ± 51 

0.16 ± 0.15 

1.6 

± 1.3 

7.9 

± 0.7 

h 2 cco 

101.036630 

5 0 5 — 4 o 4 




14.6 

10.112 

102 ± 54 

0.30 ± 0.16 

2.1 

± 0.9 

7.7 

± 0.2 

u 

101.1394 







69 ± 63 

0.21 ± 0.16 





hc 5 n 

101.174677 

J = 38-37 




94.7 

712.56 

112 ± 57 

0.30 ± 0.14 

e 




u 

101.2841 







65 ± 56 

0.34 ± 0.18 





h 2 co 

101.332991 

615 — 616 




87.6 

1.6865 

168 ± 60 

0.50 ± 0.17 

2.8 

± 0.4 

6.9 

± 0.2 

h 2 cs 

101.477810 

3i3 — 2i 2 




22.9 

7.2520 

831 ± 57 

2.9 ± 0.2 

3.0 

± 0.1 

7.4 

± 0.0 

h 2 cco 

101.981429 

5i 4 ~ 4i3 




27.7 

9.7073 

201 ± 69 

0.75 ± 0.25 

3.3 

± 0.3 

7.7 

± 0.1 

CH3CCH 

102.530348 

63-53 




82.3 

5.5305 

99 ± 63 

0.31 ± 0.18 

2.6 

± 1.4 

7.7 

± 0.5 

CH3CCH 

102.540145 

6 2 - 5 2 




46.1 

3.2771 

199 ± 63 

0.65 ± 0.20 

3.0 

± 2.7 

7.9 

± 1.1 

CH3CCH 

102.546024 

61 - 5i 




24.5 

3.5846 

449 ± 63 

1.5 ± 0.2 

2.7 

± 0.2 

7.8 

± 0.1 

CH3CCH 

102.547984 

6 0 - 5 0 




17.2 

3.6869 

545 ± 63 

2.0 ± 0.2 

3.0 

± 0.2 

7.8 

± 0.2 

h 2 cs 

103.040452 

3o 3 — 2o 2 




9.9 

8.1585 

575 ± 63 

2.0 ± 0.2 

3.2 

± 0.1 

7.7 

± 0.1 

CCS 

103.640759 

N = 8-7,J = 8- 7 




31.1 

65.318 

191 ± 54 

0.43 ± 0.17 

1.7 

± 0.4 

7.4 

± 0.2 

hc 5 n 

103.836817 

J = 39-38 




99.7 

731.28 

123 ± 48 

0.30 ± 0.12 

2.3 

± 0.4 

8.1 

± 0.2 

so 2 

104.029418 

3i3 — 2o 2 




7.7 

5.3734 

387 ± 48 

1.4 ± 0.2 

3.5 

± 0.2 

7.5 

± 0.1 

c 3 s 

104.048455 

J = 18 — 17 




47.4 

246.95 

94 ± 48 

0.19 ± 0.12 

e 




so 2 

104.239295 

10i 9 — !Oo 10 




54.7 

17.868 

192 ± 45 

0.81 ± 0.17 

3.0 

± 0.6 

7.1 

± 0.2 

CH30H 

104.300414 

ll_l - 10_9, E 




158.7 

3.4143 

86 ± 45 

0.32 ± 0.14 

3.4 

± 0.7 

7.3 

± 0.3 

h 2 cs 

104.617040 

3i2 — 2 i 1 




23.2 

7.2517 

655 ± 36 

2.6 ± 0.1 

3.2 

± 0.1 

7.8 

± 0.0 

c 4 h 

104.666572 

N = 11 - 10, J = 23/2 - 21/2 

, F = 

11 - 10 


30.1 

9.0497 

119 ± 36 

0.31 ± 0.10 

2.3 

± 0.2 

7.6 

± 0.1 

c 4 h 

104.666565 

AT = 11 - 10, J = 23/2 - 21/2 

, F = 

12 - 11 


30.1 

8.2915 







c 4 h 

104.705109 

AT = 11 - 10, J = 21/2 - 19/2, F = 

10-9 


30.2 

8.2917 

96 ± 36 

0.25 ± 0.09 

2.4 

± 0.4 

7.9 

± 0.2 

c 4 h 

104.705106 

AT = 11 - 10, J = 21/2 - 19/2, F = 

11 - 10 


30.2 

7.5326 







u 

104.7115 







47 ± 35 

0.15 ± 0.10 





nh 2 cho 

105.464219 

5o 4 — 4 o 4 




15.2 

65.322 

64 ± 56 

0.15 ± 0.15 

1.9 

± 0.8 

8.1 

± 0.4 

CCS 

106.347726 

Nj =89 — 73 




25.0 

74.425 

300 ± 55 

0.89 ± 0.17 

2.6 

± 0.3 

7.7 

± 0.1 

hc 5 n 

106.498910 

J = 40-39 




104.8 

749.90 

67 ± 55 

0.21 ± 0.13 

3.3 

± 1.1 

7.7 

± 0.5 

34 SO 

106.743244 

Nj =2 3 - 1 2 




20.9 

3.5566 

5 s±l ° 8 

0.21 ± 0.16 

f 




CH30H 

107.013803 

3i -4 0 ,A+ 




28.4 

3.0088 

93 ± 57 

0.15 ± 0.11 

f 




u 

107.0887 







54 ± 47 

0.16 ± 0.11 





u 

107.4241 







59 ± 51 

0.23 ± 0.14 





u 

107.4989 







64 ± 50 

0.17 ± 0.12 





13 cn 

108.412862 

AT = 1 — 0, J = 1/2 - 1/2, Fi 

= 0 - 

1,F = 1 — 

1 

5.2 

0.6340 

41 ± 39 

0 - 08 io.i8 

2.1 

± 0.9 

9.6 

± 0.5 

13 cn 

108.426889 

AT = 1 - 0, J = 1/2 — 1/2, Fi 

= 0 - 

1,F = 1 — 

2 

5.2 

1.2668 

< 39 

< 0.1 





13 cn 

108.636923 

AT = 1 - 0, J = 1/2 - 1/2, Fi 

= 1 - 

0,F = 1 — 

1 

5.2 

1.9320 

61 ± 39 

0.18 ± 0.13 

4.3 

± 1.7 

8.0 

± 0.7 

13 cn 

108.643590 

N = 1 - 0, J = 3/2 - 1/2, Fi 

= 1 - 

1,F = 2 — 

1 

5.2 

0.8559 

60 ± 39 

0.25 ± 0.15 

5.3 

± 2.6 

5.3 

± 1.1 

13 cn 

108.644346 

AT = 1 - 0, J = 3/2 - 1/2, Fi 

= 1 - 

1,F = 0 — 

1 

5.2 

0.6416 







13 cn 

108.645064 

AT = 1 - 0, J = 3/2 - 1/2, Fi 

= 1 - 

1, F = 1 — 

1 

5.2 

0.5510 







13 cn 

108.651297 

AT = 1 - 0, J = 1/2 - 1/2, Fi 

= 1 - 

0, F = 2 — 

1 

5.2 

3.2764 

100 ± 39 

0.27 ± 0.12 

3.1 

± 0.8 

7.9 

± 0.3 

13 cn 

108.657646 

AT = 1 - 0, J = 3/2 - 1/2, Fi 

= 1 - 

1, F = 2 - 

2 

5.2 

2.4198 

45 ± 39 

0.15 ± 0.09 

2.6 

± 1.3 

7.9 

± 0.5 



Table 2—Continued 


Name a 

Frequency ^ 
(GHz) 

Transition 


E u 

(K) 

S M 2 

(Debye 2 ) 

T mb Peak c 
(mK) 

fT mb dv <= 
(K km s ■*•) 

FWHM d 
(km a -1 ) 

^LSR d 
(km s _1 ) 

hc 13 ccn 

108.710532 

J = 12 - 11 


33.9 

167.12 

60 ± 39 

0.18 ± 0.12 

3.4 ± 1.4 

8.8 ± 0.6 

hcc 13 cn 

108.720999 

J = 12 - 11 


33.9 

167.11 

86 ± 39 

0.21 ± 0.13 

3.0 ± 0.7 

8.4 ± 0.3 

13 cn 

108.780201 

TV = 1 - 0, J = 3/2 - 1/2, F 1 = 2 — 1, F = 3 

- 2 

5.2 

4.9058 

160 ± 39 

0.40 ± 0.12 

3.2 ± 0.7 

8.4 ± 0.3 

13 cn 

108.782374 

TV = 1 - 0, J = 3/2 - 1/2, Fi = 2 — 1, F = 2 

- 1 

5.2 

2.5864 

127 ± 39 

0.29 ± 0.12 

2.8 ± 1.0 

7.8 ± 0.4 

13 cn 

108.786982 

TV = 1 - 0, J = 3/2 - 1/2, F 1 = 2 - 1, F = 1 

- 0 

5.2 

1.4410 

60 ± 39 

0.18 ± 0.12 

4.1 ± 0.9 

8.6 ± 0.4 

13 cn 

108.793753 

TV = 1 — 0, J = 3/2 - 1/2, Fi = 2 — 1, F = 1 

- 1 

5.2 

0.8937 

< 39 

< 0.1 



13 cn 

108.796400 

N = 1 - 0, J = 3/2 - 1/2, Fi = 2 — 1, F = 2 

- 2 

5.2 

0.9179 

70 ± 39 

0.17 ± 0.10 

2.8 ± 0.9 

8.6 ± 0.4 

ch 3 oh 

108.893963 

Oo — l_i, E 


13.1 

0.9784 

844 ± 41 

3.2 ± 0.2 

4.2 ± 0.2 

7.8 ± 0.1 

hc 5 n 

109.160973 

J = 41 — 40 


110.0 

768.68 

127 ± 42 

0.22 ± 0.14 

1.9 ± 0.5 

7.9 ± 0.3 

hc 3 n 

109.173634 

J = 12 - 11 


34.1 

167.10 

3040 ± 42 

8.2 ± 0.2 

3.0 ± 0.1 

8.0 ± 0.1 

so 

109.252220 

Nj = 2 3 - 1 3 


21.1 

3.5585 

1062 ± 42 

3.7 ± 0.3 

3.4 ± 0.1 

7.8 ± 0.1 

ocs 

109.463063 

J = 9-8 


26.3 

4.6034 

360 ± 42 

1.1 ± 0.2 

3.5 ± 0.2 

7.6 ± 0.1 

c 15 n 

109.689610 

TV = 1 — 0, J = 1/2 - 1/2, F = 1-1 


5.3 

1.3858 

68 ± 41 

0.18 ± 0.11 

2.9 ± 0.7 

8.2 ± 0.3 

dc 3 n 

109.757133 

J = 13-12 


36.9 

181.90 

56 ± 41 

0.17 ± 0.13 

2.4 ± 0.8 

8.4 ± 0.4 

c 18 o 

109.782173 

J = 1-0 


5.3 

0.01221 

4493 ± 41 

12.1 ± 0.2 

3.3 ± 0.1 

7.7 ± 0.1 

HNCO 

109.905749 

5 0 5 — 4 0 4 


15.8 

12.482 

377 ± 39 

1.4 ± 0.2 

3.4 ± 0.2 

7.9 ± 0.1 

c 15 n 

110.023540 

N = 1 - 0, J = 3/2 - 1/2, F = 1 - 0 


5.3 

1.3857 

75 ± 46 

0.40 ± 0.17 

5.5 ± 0.9 

6.0 ± 0.4 

c 15 n 

110.024590 

TV = 1 - 0, J = 3/2 - 1/2, F = 2 — 1 


5.3 

3.5040 





nh 2 d 

110.153594 

111, 0a — lo 11 0 s 


21.3 

9.5470 

358 ± 48 

1.8 ± 0.2 

5.4 ± 0.3 

7.6 ± 0.1 

13 co 

110.201354 

J = 1-0 


5.3 

0.01220 

20215 ± 48 

83.7 ± 0.3 

3.9 ± 0.1 

7.5 ± 0.1 

ch 3 cn 

110.364354 

CO 

10 

1 

CO 

CO 


82.9 

276.88 

81 ± 48 

0.40 ± 0.18 

5.1 ± 2.0 

7.5 ± 0.8 

ch 3 cn 

110.374989 

6 2 - 5 2 


47.1 

164.06 

131 ± 46 

0.62 ± 0.18 

3.9 ± 2.6 

7.5 ± 1.1 

ch 3 cn 

110.381372 

61 - 5i 


25.7 

179.44 

282 ± 46 

1.21 ± 0.17 

4.3 ± 0.3 

7.7 ± 0.1 

ch 3 cn 

110.383500 

6 0 - 5 0 


18.5 

184.57 

321 ± 46 

1.19 ± 0.15 

3.2 ± 0.2 

7.7 ± 0.1 

hcooch 3 

111.169903 

10(3 10 — 9o 9> E 


30.3 

26.188 

81 ± 63 

0.21 ± 0.18 

g 


hcooch 3 

111.171634 

10o 10 — 9o 9> A 


30.2 

26.191 

53 ± 63 

0.25 ± 0.18 

g 


u 

111.2891 





61 ± 55 

0.31 ± 0.18 



ch 3 och 3 

111.783010 

7o 7 — 61 6, AA 


25.3 

86.203 

110 ± 63 

0.29 ± 0.14 

2.5 ± 0.5 

7.1 ± 0.2 

ch 3 och 3 

111.782562 

7o 7 — 61 6, EE 


25.3 

53.868 





ch 3 och 3 

111.783647 

7o 7 — 61 6, AE 


25.3 

32.324 





ch 3 och 3 

111.783648 

7o 7 — 61 6, EA 


25.3 

21.549 





ch 3 cho 

112.248716 

61 6 — 5i 5, A 


21.1 

73.768 

133 ± 69 

0.74 ± 0.25 

4.5 ± 0.7 

6.9 ± 0.3 

ch 3 cho 

112.254508 

61 6 — 5i 5, E 


21.2 

73.796 

158 ± 69 

0.51 ± 0.20 

2.9 ± 0.8 

7.5 ± 0.3 

c 17 o 

112.359284 

J = 1-0 


5.4 

0.0122 

868 ± 69 

4.2 ± 0.3 

4.6 ± 0.2 

7.5 ± 0.1 

u 

112.8373 





83 ± 68 

0.33 ± 0.22 



CN 

113.123370 

TV = 1 — 0, J = 1/2 - 1/2, F = 1/2 - 1/2 


5.4 

0.1527 

620 ± 72 

2.1 ± 0.2 

3.0 ± 0.1 

7.5 ± 0.1 

CN 

113.144157 

TV = 1 — 0, J = 1/2 - 1/2, F = 1/2 - 3/2 


5.4 

1.2492 

2254 ± 72 

7.9 ± 0.3 

3.3 ± 0.0 

7.4 ± 0.1 

CN 

113.170491 

TV = 1 — 0, J = 1/2 — 1/2, F = 3/2 - 1/2 


5.4 

1.2199 

2378 ± 72 

8.4 ± 0.2 

3.4 ± 0.1 

7.3 ± 0.1 

CN 

113.191279 

TV = 1 - 0, J = 1/2 - 1/2, F = 3/2 - 3/2 


5.4 

1.5836 

2268 ± 72 

8.7 ± 0.3 

3.3 ± 0.1 

7.3 ± 0.1 

CCS 

113.410186 

TV = 9 — 8,J = 8 — 7 


33.6 

65.427 

181 ± 87 

0.67 ± 0.28 

3.2 ± 0.4 

7.8 ± 0.2 

CN 

113.488120 

TV = 1 - 0, J = 3/2 - 1/2, F = 3/2 - 1/2 


5.4 

1.5838 

2485 ± 87 

9.9 ± 0.3 

3.8 ± 1.5 

7.2 ± 0.6 

CN 

113.490970 

TV = 1 - 0, J = 3/2 - 1/2, F = 5/2 - 3/2 


5.4 

4.2050 

4421 ± 87 

18.6 ± 0.3 

3.7 ± 0.5 

7.2 ± 0.2 

CN 

113.499644 

TV = 1 - 0, J = 3/2 - 1/2, F = 1/2 - 1/2 


5.4 

1.2491 

1810 ± 87 

6.3 ± 0.3 

3.3 ± 0.1 

7.3 ± 0.1 

CN 

113.508907 

TV = 1 - 0, J = 3/2 - 1/2, F = 3/2 - 3/2 


5.4 

1.2196 

2407 ± 87 

8.5 ± 0.3 

3.3 ± 0.6 

7.4 ± 0.2 

CN 

113.520432 

TV = 1 - 0, J = 3/2 - 1/2, F = 1/2 - 3/2 


5.4 

0.1526 

392 ± 87 

1.4 ± 0.2 

3.1 ± 0.2 

7.3 ± 0.1 

C 4 H 

114.182512 

TV = 12 - 11, J = 25/2 - 23/2, F = 12 - 11 


35.6 

9.0522 

86 ± 87 

0.27 ± 0.20 

3.1 ± 1.0 

7.6 ± 0.4 

c 4 h 

114.182518 

TV = 12 - 11, J = 25/2 - 23/2, F = 13 - 12 


35.6 

9.8096 





c 4 h 

114.221040 

TV = 12 - 11, J = 23/2 - 21/2, F = 11 - 10 


35.6 

8.2926 

89 ± 87 

0.25 ± 0.20 

2.6 ± 0.9 

7.7 ± 0.4 

c 4 h 

114.221042 

TV = 12 - 11, J = 23/2 - 21/2, F = 12 - 11 


35.6 

9.0509 





h 13 cccn 

114.614995 

J = 13 — 12 


38.5 

181.05 

94 ± 78 

0.22 ± 0.17 

2.0 ± 0.6 

7.7 ± 0.3 

ch 3 cho 

114.940175 

6oe - 5 05 ,E 


19.5 

75.850 

267 ± 102 

1.1 ± 0.2 

4.2 ± 0.5 

7.4 ± 0.2 

ch 3 cho 

114.959902 

Oo 6 — 5() 5) A 


19.4 

75.800 

261 ± 102 

1.4 ± 0.3 

5.6 ± 0.6 

7.9 ± 0.3 

NS 

115.153935 

n = 1/2, J = 5/2 - 3/2, F = 7/2 - 5/2, e 


8.8 

10.485 

253 ± 102 

0.80 ± 0.26 

2.8 ± 0.5 

7.8 ± 0.2 

NS 

115.156812 

f2 = 1/2, J = 5/2 - 3/2, F = 5/2 - 3/2, e 


8.8 

6.6049 

130 ± 102 

0.39 ± 0.26 

2.9 ± 1.4 

8.3 ± 0.6 

CO 

115.271202 

J = 1-0 


5.5 

0.01212 

60474 ±114 

374 ± 1 

5.4 ± 0.1 

7.1 ± 0.1 

NS 

115.556253 

= 1/2, J = 5/2 - 3/2, F = 7/2- 5/2, / 


8.9 

10.484 

158 ± 123 

0.38 ± 0.31 

2.0 ± 0.7 

7.9 ± 0.3 

CH 3 CHO 

115.695051 

62 5 — 5 2 4 , E 


28.5 

66.526 

159 ± 153 

0.37 ± 0.34 

2.3 ± 0.7 

7.7 ± 0.3 

ch 3 cho 

115.910320 

62 4 — 5 2 3 , E 


28.6 

66.535 

197 ± 168 

0.75 ± 0.48 

4.7 ± 1.3 

8.1 ± 0.5 


a Unidentified lines are denoted as ‘U’. 

^Rest frequency. 

c The errors are 3<j. The upper limit to the integrated intensity is calculated as: f T m fodv < 3r.m.s X y/ AVyAi; res Au re s , where AV is the 
assumed line width (2 km s — *) and Av res is the velocity resolution per channel. 

^FWHM and Vlsr are obtained from Gaussian fits. 
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Gaussian fitting is not successful due to narrow line widths. 

Gaussian fitting is not successful due to poor S/N ratios or blending with other lines. 
Gaussian fitting is not successful due to blending with other lines. 
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Table 3. Line parameters observed in NGC 2264 CMM3 with ASTE. 


Name 

Frequency 3, 


Transition 


F u 

S M 2 

T mb Peak b 

ST mh dv b 

FWHM c 

^LSR C 


(GHz) 




(K) 

(Debye 2 ) 

(mK) 


(K km s 1 ) 

(km 

s' 

- 1 ) 

(km s -1 ) 

13 CO 

330.587965 

J = 3-2 



31.7 

0.03653 

18981 

± 

78 

72.2 ± 0.3 

3.6 

± 

0.1 

7.4 ± 0.1 

d 2 co 

330.674348 

616 — 5i5 



61.1 

31.678 


< 

78 

< 0.2 





CH 3 OH 

331.502370 

111 - Ho, A“ 

+ 


169.0 

21.311 

185 

± 

62 

1.07 ± 0.22 

4.6 

± 

0.4 

7.3 ± 0.2 

S0 2 

332.505242 

4 3 1 — 3 2 2 



31.3 

6.9211 

64 

± 

61 

0.14 ± 0.12 



d 


nh 2 d 

332.781890 

10 1) 0° — 0o 0 ? 0° 


16.6 

0.1640 

224 

± 

67 

0.65 ± 0.17 

2.8 

± 

0.3 

7.2 ± 0.1 

nh 2 d 

332.822510 

1 q 1,0s — 0 q 05 0s 


16.0 

0.1529 

71 

± 

67 

0.30 ± 0.15 

3.8 

± 

0.9 

7.6 ± 0.4 

so 2 

334.673353 

82 6 — 7i7 



43.2 

4.9501 

98 

± 

76 

0.14 ± 0.12 



e 


HDCO 

335.096782 

5i 4 — 4i 3 



56.3 

26.055 

143 

± 

76 

0.37 ± 0.17 

2.4 

± 

0.3 

6.9 ± 0.1 

CH3OH 

335.133686 

2 2 - 3i, A- 



44.7 

0.3073 

68 

± 

76 

0.23 ± 0.19 

3.3 

± 

1.0 

6.5 ± 0.4 

CH3OH 

335.582005 

7i -6i,A+ 



79.0 

5.5501 

575 

± 

64 

2.5 ± 0.2 

3.6 

± 

0.2 

7.2 ± 0.1 

CH3OH 

336.865110 

12i - 12 0 , A - 

+ 


197.1 

22.877 

170 

± 

98 

1.1 ± 0.4 

5.7 

± 

0.7 

6.9 ± 0.3 

c 17 o 

337.060988 

J = 3 — 2 



32.4 

0.03645 

1799 ± 102 

5.2 ± 0.3 

2.6 

± 

0.1 

7.5 ± 0.1 

c 34 s 

337.396459 

J = 7-6 



64.8 

26.839 

297 ± 102 

0.58 ± 0.24 

1.8 

± 

0.2 

7.6 ± 0.1 

h 2 cs 

338.083195 

10i 10 — 9i 9 



102.5 

26.922 

192 

± 

53 

0.61 ± 0.13 

3.1 

± 

0.3 

7.6 ± 0.1 

ch 3 oh 

338.124502 

7 0 — 60,E 



78.1 

5.6546 

934 

± 

53 

4.2 ± 0.2 

3.8 

± 

0.2 

7.3 ± 0.1 

CH30H 

338.344628 

7_ 1 - 6_! , E 



70.6 

5.5450 

2178 

± 

53 

10.7 ± 0.3 

3.9 

± 

0.1 

7.4 ± 0.1 

CH30H 

338.408681 

7 0 - 6 0 , A+ 



65.0 

5.6598 

2446 

± 

53 

12.1 ± 0.3 

4.0 

± 

0.2 

7.3 ± 0.1 

CH30H 

338.512856 

7 2 — 6 2 , A - 



102.7 

5.2264 

164 

± 

60 

0.48 ± 0.16 

2.9 

± 

0.9 

7.3 ± 0.4 

CH30H 

338.512627 

7 4 - 64, A - 



145.4 

3.8054 









CH30H 

338.512639 

7_4 — 6_4, E 



145.4 

3.8054 









CH30H 

338.540795 

7 3 - 63, A+ 



114.8 

4.6036 

230 

± 

60 

1.0 ± 0.2 

4.4 

± 

0.6 

6.1 ± 0.2 

CH30H 

338.559928 

7_3 — 6-3, E 



127.7 

4.6377 

67 

± 

60 

0.10 ± 0.09 



d 


CH30H 

338.583195 

7 3 — 63,E 



112.7 

4.6169 

54 

± 

60 

0.21 ± 0.17 

3.7 

± 

1.0 

7.4 ± 0.4 

CH30H 

338.614999 

7i - 6i,E 



86.1 

5.6807 

505 

± 

60 

1.9 ± 0.2 

3.3 

± 

0.2 

7.2 ± 0.1 

CH30H 

338.639939 

7 2 - 62 , A+ 



102.7 

5.2264 

102 

± 

60 

0.44 ± 0.16 

3.9 

± 

0.7 

7.4 ± 0.3 

CH30H 

338.721630 

7 2 — 6 2 ,E 



87.3 

5.1381 

893 

± 

60 

4.6 ± 0.3 

4.1 

± 

0.2 

6.9 ± 0.1 

CH30H 

338.722940 

7_ 2 — 6_ 2 , E 



90.9 

5.2024 









so 

339.341459 

Nj = 3 S - 2 3 



22.5 

0.2239 

152 

± 

63 

0.24 ± 0.11 

1.5 

± 

0.2 

7.6 ± 0.1 

CN 

339.446777 

N = 3-2,J-- 

= 5/2 - 5/2, 

F = 3/2 - 3/2 

32.6 

0.1989 

69 

± 

63 

0.23 ± 0.14 

3.8 

± 

1.1 

6.9 ± 0.5 

CN 

339.516635 

N = 3-2,J-- 

= 5/2 - 5/2, 

F = 7/2 - 7/2 

32.6 

0.4453 

156 

± 

68 

0.23 ± 0.15 

1.2 

± 

0.2 

7.8 ± 0.1 

CN 

340.008126 

N = 3-2,J-- 

= 5/2 - 3/2, 

F = 5/2 - 5/2 

32.6 

0.8127 

95 

± 

74 

0.27 ± 0.15 

2.5 

± 

0.7 

7.5 ± 0.3 

CN 

340.019626 

N = 3-2,J-- 

= 5/2 - 3/2, 

F = 3/2 - 3/2 

32.6 

0.8104 

97 

± 

74 

0.23 ± 0.16 

2.1 

± 

0.5 

7.5 ± 0.2 

CN 

340.031549 

N = 3-2,J-- 

= 5/2 - 3/2, 

F = 7/2 - 5/2 

32.6 

6.7218 

794 

± 

74 

3.9 ± 0.2 

2.5 

± 

0.2 

7.5 ± 0.1 

CN 

340.035408 

N = 3 — 2, J - 

= 5/2 - 3/2, 

F = 3/2 - 1/2 

32.6 

2.5233 





2.5 

± 

0.2 

7.5 ± 0.1 

CN 

340.035408 

N = 3 - 2, J = 

= 5/2 - 3/2, 

F = 5/2- 3/2 

32.6 

4.2362 









c 33 s 

340.052570 

J = 7-6 



65.3 

107.36 


< 

65 

< 0.1 





CN 

340.247770 

N = 3 - 2, J = 

= 7/2 - 5/2, 

F = 7/2- 5/2 

32.7 

6.6249 

1986 

± 

74 

6.3 ± 0.2 

2.9 

± 

0.1 

7.2 ± 0.1 

CN 

340.247770 

N = 3-2,J-- 

= 7/2 - 5/2, 

F = 9/2 - 7/2 

32.7 

9.0111 









CN 

340.248544 

N = 3-2,J-- 

= 7/2 - 5/2, 

F = 5/2 - 3/2 

32.7 

4.8082 









CN 

340.261773 

N = 3 - 2, J -- 

= 7/2 - 5/2, 

F = 5/2 - 5/2 

32.7 

0.5861 

230 

± 

74 

0.9 ± 0.2 

1.6 

± 

0.3 

8.1 ± 0.1 

CN 

340.264949 

N = 3 - 2, J = 

= 7/2 - 5/2, 

F = 7/2- 7/2 

32.7 

0.5844 





2.6 

± 

0.3 

8.1 ± 0.1 

hc 18 o + 

340.630692 

J = 4-3 



40.9 

60.839 

96 

± 

71 

0.23 ± 0.16 

2.4 

± 

0.5 

7.2 ± 0.2 

so 

340.714155 

CO 

t- 

1 

N 

00 

II 



81.3 

16.244 

481 

± 

71 

1.6 ± 0.2 

3.3 

± 

0.3 

7.1 ± 0.1 

HCS+ 

341.350229 

J = 8-7 



73.7 

30.669 

71 

± 

73 

0.20 ± 0.14 

2.8 

± 

1.0 

6.8 ± 0.4 

CH3OH 

341.415639 

7i — 61, A" 



80.1 

5.5501 

846 

± 

73 

3.8 ± 0.3 

4.0 

± 

0.2 

7.2 ± 0.1 

d 2 co 

342.522128 

6 0 6 — 5o 5 



58.1 

32.420 


< 

78 

< 0.2 





ch 3 oh 

342.729830 

13i - 13 0 , A - 

+ 


227.5 

24.378 

143 

± 

53 

0.68 ± 0.17 

5.1 

± 

0.5 

7.2 ± 0.2 

cs 

342.882850 

J = 7 — 6 



65.8 

26.837 

3266 

± 

73 

16.4 ± 0.5 

3.3 

± 

0.2 

7.4 ± 0.1 

h 2 cs 

342.946424 

10o 10 — 9o 9 



90.6 

27.197 

61 

± 

73 

0.22 ± 0.16 

4.5 

± 

1.2 

8.0 ± 0.5 

h£ 3 co 

343.325713 

5i5 — 4 i4 



61.3 

26.100 

157 

± 

73 

0.54 ± 0.20 

2.8 

± 

0.5 

7.4 ± 0.2 

hc 15 n 

344.200109 

J = 4-3 



41.3 

35.650 

90 

± 

71 

0.43 ± 0.21 

6.0 

± 

1.0 

7.9 ± 0.4 

so 

344.310612 

Nj = 8g - 7 7 



87.5 

18.556 

446 

± 

71 

1.4 ± 0.2 

2.6 

± 

0.2 

7.2 ± 0.1 

h 13 cn 

345.339769 

J = 4-3 



41.4 

106.94 

327 

± 

61 

1.9 ± 0.3 

4.2 

± 

0.3 

7.6 ± 0.1 

CO 

345.795990 

J = 3- 2 



33.2 

0.03631 

33888 

± 

88 

264.2 ± 0.9 



f 


so 

346.528481 

N j = 89—73 



78.8 

21.112 

464 

± 

55 

1.5 ± 0.2 

2.7 

± 

0.1 

7.2 ± 0.1 

h 13 co + 

346.998344 

J = 4 - 3 



41.6 

60.849 

906 

± 

55 

2.3 ± 0.1 

2.4 

± 

0.1 

7.4 ± 0.1 

SiO 

347.330579 

J = 8-7 



75.0 

76.810 

166 

± 

56 

3.6 ± 0.4 



f 


hn 13 c 

348.340814 

J = 4-3 



41.8 

106.94 

92 

± 

39 

0.32 ± 0.11 

2.6 

± 

0.4 

7.0 ± 0.2 

h 2 cs 

348.534365 

10i 9 — 9i 8 



105.2 

26.921 

112 

± 

40 

0.43 ± 0.11 

3.8 

± 

0.3 

7.1 ± 0.1 

ch 3 oh 

349.107020 

14i - 14 0 , A - 

+ 


260.3 

25.799 

84 

± 

39 

0.34 ± 0.10 

4.3 

± 

0.6 

7.4 ± 0.2 

c-C3H 2 

349.263999 

5 5 0 — 4 4 1 



49.0 

36.510 

78 

± 

39 

0.24 ± 0.09 

2.4 

± 

0.3 

7.5 ± 0.1 

CCH 

349.337706 

N = 4-3,J = 

= 9/2 - 7/2, 

F = 5 - 4 

41.9 

2.8987 

1346 

± 

39 

4.6 ± 0.1 

3.0 

± 

0.6 

7.2 ± 0.1 

CCH 

349.338988 

N = 4 - 3, J = 

= 9/2 - 7/2, 

F = 4 - 3 

41.9 

2.3163 









CCH 

349.399276 

N = 4 - 3, J = 

= 7/2 - 5/2, 

F = 4 - 3 

41.9 

2.2712 

946 

± 

39 

3.4 ± 0.1 

3.1 

± 

0.1 

7.1 ± 0.1 

CCH 

349.400671 

N = 4 - 3, J -- 

= 7/2 - 5/2, 

F = 3-2 

41.9 

1.6942 









CH3OH 

350.687730 

4q — 3_i, E 



36.3 

1.5545 

907 

± 

44 

4.4 ± 0.2 

4.0 

± 

0.2 

7.0 ± 0.1 






Table 3—Continued 


Name 

Frequency 3, 

Transition 



E u 

Sm 2 

^mb Peak ^ 

fT mb dv b 

FWHM c 

Vlsr c 


(GHz) 





(K) 

(Debye 2 ) 

(mK) 

(K km s -1 ) 

(km s -1 ) 

(km s -1 ) 

CH 3 OH 

350.905119 

ll -0 0 ,A+ 




16.8 

1.9774 

746 ± 44 

3.4 ± 0.2 

3.4 ± 0.0 

7.0 ± 0.1 

NO 

351.043524 

JO 

II 

1 

II 

-1 

to 

- 5/2, F 

= 9/2 

- 7/2 

36.1 

0.1079 

98 ± 47 

0.28 ± 0.11 

2.8 ± 0.6 

7.5 ± 0.2 

NO 

351.051469 

(M 

I'¬ 

ll 

1 

II 

G 

- 5/2, F 

= 7/2 

- 5/2 

36.1 

0.07928 

156 ± 47 

0.49 ± 0.13 

3.5 ± 0.5 

7.5 ± 0.2 

NO 

351.051705 

<N 

n- 

II 

1 

II 

G 

- 5/2, F 

= 5/2 

- 3/2 

36.1 

0.05755 





S0 2 

351.257223 

53 3 — 4 2 2 




35.9 

7.3217 

100 ± 47 

0.28 ± 0.10 

2.8 ± 0.5 

7.4 ± 0.2 

h 2 co 

351.768645 

5i5 — 4 l 4 




62.5 

26.096 

3949 ± 49 

18.9 ± 0.3 

3.6 ± 0.1 

7.3 ± 0.1 

HCN 

354.505477 

J = 4-3 




42.5 

106.94 

3273 ± 86 

19.2 ± 0.6 

f 


CH3OH 

355.603110 

13 0 - 12i, A+ 




211.1 

13.059 

178 ± 91 

0.71 ± 0.23 

4.5 ± 0.5 

6.8 ± 0.2 

HCO+ 

356.734223 

J = 4 - 3 




42.8 

60.840 

8943 ± 81 

28.4 ± 0.4 

2.6 ± 0.1 

6.7 ± 0.1 

CH3OH 

358.605800 

4i — 3 0 ,E 




44.3 

2.2121 

586 ± 100 

2.4 ± 0.4 

3.5 ± 0.2 

7.3 ± 0.1 

DCO+ 

360.169778 

J = 5-4 




51.9 

76.048 

240 ± 104 

0.55 ± 0.21 

2.2 ± 0.4 

7.5 ± 0.2 

CH3OH 

361.852251 

81 — 7 2 ,E 




104.6 

2.3796 

120 ± 118 

0.78 ± 0.38 

6.5 ± 1.3 

8.2 ± 0.6 

DCN 

362.045754 

J = 5 - 4 




52.1 

134.18 

93 ± 45 

0.32 ± 0.12 

2.9 ± 0.4 

6.8 ± 0.2 

HNC 

362.630303 

J = 4 - 3 




43.5 

37.213 

3374 ± 46 

9.9 ± 0.2 

2.6 ± 0.1 

7.3 ± 0.1 

h 2 co 

362.736048 

5 0 5 — 4 0 4 




52.3 

27.168 

2382 ± 46 

9.4 ± 0.2 

3.2 ± 0.1 

7.3 ± 0.1 

CH3OH 

363.440304 

I61 - 16 0 , A“ + 




332.7 

28.405 

58 ± 55 

0.23 ± 0.13 

3.6 ± 0.8 

7.5 ± 0.3 

CH3OH 

363.739820 

7 2 — 61,E 




87.3 

4.5730 

796 ± 54 

3.1 ± 0.2 

3.3 ± 0.2 

7.2 ± 0.1 

h 2 co 

363.945894 

5 2 4 — 4 2 3 




99.6 

22.834 

856 ± 54 

3.0 ± 0.2 

3.0 ± 0.1 

7.2 ± 0.1 

h 2 co 

364.103249 

54 2 — 4 4 1 




240.8 

9.7858 

128 ± 90 

0.40 ± 0.20 

3.0 ± 0.4 

7.1 ± 0.2 

h 2 co 

364.103249 

0 

1 

10 




240.8 

9.7858 





h 2 co 

364.275141 

5 3 3 — 4 3 2 




158.5 

17.398 

765 ± 69 

4.2 ± 0.3 

4.3 ± 0.5 

7.2 ± 0.2 

h 2 co 

364.288884 

53 2 — 4 3 1 




158.5 

17.397 

806 ± 69 

4.0 ± 0.3 

4.2 ± 0.4 

7.2 ± 0.1 

h 2 co 

365.363428 

5 2 3 — 4 2 2 




99.7 

22.837 

808 ± 72 

3.2 ± 0.3 

3.1 ± 0.1 

7.2 ± 0.1 


a Rest frequency. 

^The errors are 3<r. The upper limit to the integrated intensity is calculated as: f Txnhdv < 3r.m.s X y/ AV/Au re s Au re s j where AV^ is the 
assumed line width (2 km s — and Au re s is the velocity resolution per channel. 

C FWHM and Vlsr are obtained from Gaussian fits. 

^ Gaussian fitting is not successful due to poor S/N ratios or blending with other lines. 
e Gaussian fitting is not successful due to a distorted baseline. 

^Gaussian fitting is not possible due to a very broad and complex line profile. 



Tabic 4: Identified molecules. 


nh 2 d 

HNCO 

CCH, CCD 

nh 2 cho * 

CN, 13 CN, C 15 N 

HCO+ * 

HCN, H 13 CN, HC 15 N, DCN 

SiO 

HNC, HN 13 C, H 15 NC, DNC 

cs, 13 cs, c 33 s, c 34 s 

CO, 13 CO, C 17 0, C 18 0 

HCS+ 

HCO 

h 2 cs 

HCO+, H 13 CO+, HC 18 0+, DCO+ 

NS 

H 2 CO, H 43 CO, hdco 

SO, 33 SO, 34 SO 

ch 3 oh, 13 CH 3 OH 

SO+ * 

n 2 h+, 15 nnh+, n 2 d+ 

c 4 h 

NO 

hc 3 n, h 13 cccn, hc 13 ccn, hcc 13 cn, dc 3 n 

c-C 3 H 2 

hcooch 3 

ch 3 cch 

CCS 

ch 3 cn 

ocs 

h 2 cco 

so 2 

ch 3 cho 

C 3 s 

ch 3 och 3 

hc 5 n 


Tentative detection (see text). 
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Table 5. Column Densities and Rotation Temperatures ab 


Molecule 

N 

(cm 

-2 

) 

Rot (K) 

Molecule 

N 

(cm 

-2 

) 

Rot (K) 

NH 2 D (para) 

(1.4 ± 

0 . 6 ) 

X 

10 14 

9.7 ±1.9 

c-C 3 H 2 (para) 

(3.6 

± 

1 . 6 ) 

X 

10 13 

7.2 ±3.0 

NH 2 D (ortho) c 

(3.3 ± 

0 . 8 ) 

X 

10 14 

9.7 

A-CH 3 CCH 1 

(3.3 

± 

1.7) 

X 

10 14 

10.5 ±7.0 

CCH 

(3.5 ± 

0.4) 

X 

10 15 

11.2 ±0.7 

E-CH 3 CCH m 

(2.9 

± 

1.9) 

X 

10 14 

9.2 ±5.8 

CCD d 

(1.3 ± 

1 . 1 ) 

X 

10 14 

11.2 

A-CH 3 CN 1 

(7.9 

± 

3.2) 

X 

10 12 

9.4 ±3.9 

CN 

( 1.2 ± 

0 . 2 ) 

X 

10 15 

9.0 ±0.7 

E-CH 3 CN m 

(7.1 

± 

2.9) 

X 

10 12 

9.6 ±4.5 

13 CN e 

(2.7 ± 

0 . 6 ) 

X 

10 13 

9.0 

H 2 CCO (para) 

( 6.1 

± 

5.8) 

X 

10 13 

6.5 ±4.0 

C 15 N e 

(9.2 ± 

3.6) 

X 

10 12 

9.0 

H 2 CCO (ortho) 11 

( 2.2 

± 

0.9) 

X 

10 13 

6.5 

h 13 cn 

(5.8 ± 

1 . 1 ) 

X 

10 13 

9.1 ±0.8 

CH 3 CHO 

(7.7 

± 

0 . 8 ) 

X 

10 13 

11.2 ±2.4 

hc 15 n f 

( 1.2 ± 

0.3) 

X 

10 13 

9.1 

HNCO 

(5.5 

± 

4.6) 

X 

10 13 

8.2 ±5.8 

DCN 

(3.6 ± 

0 . 8 ) 

X 

10 13 

8.1 ±0.7 

SiO 0 

( 8.8 

± 

2 . 0 ) 

X 

10 13 

18.2 ± 1.8 

hn 13 c 

(2.4 ± 

1.4) 

X 

10 13 

6.9 ±1.1 

C 34 S 

( 1.2 

± 

0.3) 

X 

10 14 

17.6 ±2.1 

h 15 nc g 

(4.8 ± 

2 . 0 ) 

X 

10 12 

6.9 

C 33 S p 

( 2.0 

± 

0.4) 

X 

10 13 

17.6 

DNC g 

(2.4 ± 

0.9) 

X 

10 13 

6.9 

13 cs p 

(3.1 

± 

0.7) 

X 

10 13 

17.6 

C 17 0 

( 1.2 ± 

0 . 2 ) 

X 

10 16 

20.0 ±4.3 

HCS+ 

( 2.2 

± 

0 . 6 ) 

X 

10 13 

14.9 ±2.7 

C 18 0 h 

(4.8 ± 

1.4) 

X 

10 16 

20.0 

H 2 CS (para) 

(4.5 

± 

0.9) 

X 

10 13 

18.1 ±3.4 

hc 18 o+ 

(4.3 ± 

1.3) 

X 

10 12 

8.1 ± 1.6 

H 2 CS (ortho) 

( 1.2 

± 

0 . 2 ) 

X 

10 14 

20.5 ± 1.4 

DCO+ 1 

(7.4 ± 

2.7) 

X 

10 13 

8.1 

SO 

(5.0 

± 

0.7) 

X 

10 14 

17.6 ±1.1 

H 2 CO (ortho) 

(3.7 ± 

2.4) 

X 

10 14 

33 ±13 

33 SO q 

( 1.1 

± 

0.9) 

X 

10 13 

17.6 

H 43 CO (para) j 

( 2.2 ± 

1 . 2 ) 

X 

10 13 

33 

34 SO q 

(4.3 

± 

1 . 0 ) 

X 

10 13 

17.6 

HDCO j 

( 1.0 ± 

0 . 6 ) 

X 

10 13 

33 

c 4 h 

( 2.2 

± 

1 . 1 ) 

X 

10 14 

10.9 ±3.3 

D 2 CO (ortho) j 

< 9.3 : 

x 10 

LI 


33 

CCS 

(5.1 

± 

2 . 0 ) 

X 

10 13 

8.2 ± 1.8 

CH 3 OH (Cold) k 

( 1.8 ± 

0 . 2 ) 

X 

10 15 

24.3 ±2.6 

ocs 

(2.4 

± 

0 . 6 ) 

X 

10 14 

16.0 ± 8.2 

CH 3 OH (Hot) k 

(3.4 ± 

1 . 2 ) 

X 

10 14 

122 ± 63 

so 2 

( 2.2 

± 

0.4) 

X 

10 14 

26.3 ±5.2 

c-CsH 2 (ortho) 

(1.0 ± 

0.5) 

X 

10 14 

7.4 ± 1.1 

hc 5 n 

(2.5 

± 

0.9) 

X 

10 13 

25.8 ±4.6 


a Obtained by a least-squares fit for multiple transitions. The error denotes 3 a. 
b Assumed source size and line width are 15" and 3 km s -1 , respectively. 
c The rotation temperature is assumed to be the same as that of NH 2 D (Para). 
d The rotation temperature is assumed to be the same as that of CCH. 
e The rotation temperature is assumed to be the same as that of CN. 
f The rotation temperature is assumed to be the same as that of H 13 CN. 
s The rotation temperature is assumed to be the same as that of HN 13 C. 
h The rotation temperature is assumed to be the same as that of CT'O. 
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‘The rotation temperature is assumed to be the same as that of HC ls O + . 

•■The rotation temperature is assumed to be the same as that of H 2 CO (ortho). 

k The column densities and rotation temperatures are estimated with two component model. ‘Cold’ 
and ‘Hot’ indicate results for the low temperature component and the high temperature component, 
respectively. 

'The column density and rotation temperature of A state are estimated from K = 0 lines. 
m The column density and rotation temperature of E state are estimated from K = 1 lines. 

“The rotation temperature is assumed to be the same as that of H 2 CCO (ortho). 

°The line width is assumed to be 6 km s -1 . 

p The rotation temperature is assumed to be the same as that of C 34 S. 
q The rotation temperature is assumed to be the same as that of SO. 
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Table 6. Column Densities of Identified Molecules. a 


Molecule 

N (T= 1C 

1 K) b 

N (T= IE 

I K) b 

N (T=2C 

) K) b 


(cm” 2 

) c 


(cm -2 

) c 


(cm -2 

) c 


HCO 

(3.8 ± 

1.6) 

X 

10 13 

(5.0 ± 

2.1) 

X 

10 13 

(6.8 ± 

2.8) 

X 

10 13 

n 2 h+ 

(4.3 ± 

2.5) 

X 

10 14 

(3.6 ± 

0.9) 

X 

10 14 

(3.8 ± 

0.8) 

X 

10 14 

15 nnh+ 

(1.4 ± 

0.8) 

X 

10 12 

(1.7 ± 

1.0) 

X 

10 12 

(2.0 ± 

1.2) 

X 

10 12 

n 15 nh+ 

< 3.6 

x 10 : 

LI 


< 4.3 : 

x 10 

LI 


< 5.1 

x 10 

11 


n 2 d+ 

(7.8 ± 

2.2) 

X 

10 12 

(9.2 ± 

2.5) 

X 

10 12 

(1.1 ± 

0.3) 

X 

10 13 

NO 

(5.5 ± 

1.6) 

X 

10 15 

(2.3 ± 

0.6) 

X 

10 15 

(1.6 ± 

0.4) 

X 

10 15 

CH30CH3 

(5.2 ± 

2.4) 

X 

10 13 

(5.8 ± 

2.5) 

X 

10 13 

(6.6 ± 

2.8) 

X 

10 13 

nh 2 cho 

2.5l|! 

5 x 10 ] 

L2 

2-6 ±l\ 

\ x 10 12 

3-0±l;, 

0 x 10 12 

HCO+ 

(5.6 ± 

4.7) 

X 

10 12 

(6.2 ± 

5.1) 

X 

10 12 

(7.5 ± 

6.2) 

X 

10 12 

NS 

(7.7 ± 

2.9) 

X 

10 13 

(9.1 ± 

3.4) 

X 

10 13 

(1.1 ± 

0.4) 

X 

10 14 

SO+ 

(7.6 ± 

6.6) 

X 

10 13 

(9.0 ± 

7.8) 

X 

10 13 

(1.1 ± 

0.9) 

X 

10 14 

hc 3 n 

(5.4 ± 

2.6) 

X 

10 14 

(1.6 ± 

0.3) 

X 

10 14 

(1.2 ± 

0.1) 

X 

10 14 

h 13 cccn 

(3.5 ± 

2.7) 

X 

10 12 

(1.9 ± 

1.5) 

X 

10 12 

(1.6 ± 

1.2) 

X 

10 12 

hc 13 ccn 

(5.4 ± 

3.8) 

X 

10 12 

(2.5 ± 

1.7) 

X 

10 12 

(1.8 ± 

1.3) 

X 

10 12 

hcc 13 cn 

(6.5 ± 

4.2) 

X 

10 12 

(3.0 ± 

1.9) 

X 

10 12 

(2.2 ± 

1.4) 

X 

10 12 

dc 3 n 

(6.8 ± 

5.5) 

X 

10 12 

(2.8 ± 

2.3) 

X 

10 12 

(2.0 ± 

1.6) 

X 

10 12 

HCOOCH3 

(3.3 ± 

1.2) 

X 

10 14 

(2.6 ± 

0.9) 

X 

10 14 

(2.6 ± 

0.9) 

X 

10 14 

C 3 S 

(1.8 ± 

0.6) 

X 

10 13 

(7.8 ± 

2.4) 

X 

10 12 

(5.2 ± 

1.6) 

X 

10 12 


a Errors of the column densities are estimated by taking into account the 
r.m.s. noise and calibration uncertainties of the chopper-wheel method (20 %). 
The source size is assumed to be 15 // . 

b Assumed excitation temperatures. 

c The upper limit to the column density is estimated from the 3cr upper limit 
of the integrated intensity assuming the line width of 2 km/s. 
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Tabic 7: Deuterium fractionation ratios. 


Molecule 

NGC 2264 CMM3 

L134 N 

IRAS 16293 

dco+/hco+ 

0.030 ±0.015 a 

0.18 * 

0.0086 h 

N 2 D+/N 2 H+ 

0.026 ± 0.010 b 

0.35 f 


DCN/HCN 

0.010 ±0.003 c 

0.050 ±0.016 g 

0.013 h 

DNC/HNC 

0.017 ±0.012 c 

0.047 ± 0.020 g 

0.03 h 

CCD/CCH 

0.037 ± 0.032 

0.060 ± 0.040 g 

0.18 h 

DC 3 N/HC 3 N 

0.016 ±0.013 b 



HDCO/H 2 CO 

0.0020 ±0.0015 d 

0.068 f 

0.14 h 

D 2 CO/H 2 CO 

< 0.0003 de 


0.05 ± 0.025 1 


“The column density of the normal molecule is estimated from the 18 0 isotopologue assuming that 16 0/ 18 0 
= 560. 

b Tlre column density is estimated under the LTE approximation with T ex of 15 K. 

“The column density of the normal molecule is estimated from the 13 C isotopologue assuming that 12 C/ 13 C 
= 60. 

d Tlre column density of the normal molecule is estimated from the H^CO (para) data assuming that the 
ortho to para is 3 and the 12 C/ 13 C ratio of 60. 

“The column density of the D 2 CO is estimated from the D 2 CO (ortho) data assuming that the ortho to para 
ratio is 2. 


^Tine et al. ( 

2000 ) 

9 Turner 

(2001) 

h van Dishoeck et al. 


Parise et al. ( 2006h 
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Tabic 8. Column Densities Observed in NGC 2264 CMM3 and Orion KL. 


Molecule 

NGC 2264 CMM3 

N (cm" 2 ) 

Orion KL a 

N (cm“ 2 ) 

References b 

h 2 co 

(5.2 ±2.8) x 10 15 

4.3 x 10 16 gh 

Neill et al. (2013) 

ch 3 oh 

(2.1 ±0.2) x 10 15 c 

1.1 x 10 18 gh 

Kolesnikova et al. 120141 

ch 3 cn 

(1.5 ±0.4) x 10 13 

1.2 x 10 16 gh 

Bell et al. 120141 

ch 3 cho 

(7.7 ±0.8) x 10 13 

2.8 x 10 14 g 

Turner (1991) 

ch 3 och 3 

(5.8 ±2.5) x 10 13 d 

9.0 x 10 15 g 

Comito et al. 120051 

HNCO 

(5.5 ±4.6) x 10 13 

(5.7 ±0.5) x 10 15 e 

Marcelino et al. 120091 

SiO 

(8.8 ±2.0) x 10 13 

(7.1 ± 1.1) x 10 15 e 

Tercero et al. 120111 

c 34 s 

(1.2 ±0.3) x 10 14 

(8.3 ± 1.3) x 10 14 e 

Tercero et al. 120101 

h 2 cs 

(1.7 ±0.2) x 10 14 

(5.0 ±0.5) x 10 15 e 

Tercero et al. 120101 

so 

(5.0 ±0.7) x 10 14 

(5.4 ± 1.0) x 10 16 e 

EsDlugues et al. (2013a) 

hc 3 n 

(1.6 ±0.3) x 10 14 d 

(2.1 ±0.3) x 10 15 f 

Esplugues et al. 12013b) 

hcooch 3 

(2.6 ±0.9) x 10 14 d 

2.9 x 10 17 fgh 

Carvajal et al. 12009). Havkal et al. 12014) 

CCS 

(5.1 ±2.0) x 10 13 

(3.3 ±0.6) x 10 13 e 

Tercero et al. 12010) 

ocs 

(2.4 ±0.6) x 10 14 

(6.0 ± 1.0) x 10 16 e 

Tercero et al. 12010) 

so 2 

(2.2 ±0.4) x 10 14 

(1.9 ±0.5) x 10 17 e 

Esnlugues et al. 12013a) 

c 3 s 

(7.8 ±2.4) x 10 12 d 

( 8.8 ±0.2) x 10 12 e 

Tercero et al. 12010) 

hc 5 n 

(2.5 ±0.9) x 10 13 

(3.9 ±0.9) x 10 13 f 

Esnlugues et al. 12013b) 


a Averaged column densities are estimated with the assumption of the source diameter of 15". 
b References for Orion KL. 

c The column density is estimated by summing the column density of cold and hot component. 

d The column density is estimated under the LTE approximation with T ex = 15 K. 

e Following the method described by Fuente et al. ( 2014h . we estimate the averaged column density N 


by summing up the column densities of extended ridge (_/V er ), compact ridge (N rr ), pl ateau (N r,), and 


hot core (Nbr)- A filling fa ctor of 0.44 is assumed only for the hot core, since iTercero et al.l (|2010h 


Esplugues et al.1 (12013al) and Marcelino et ah] (j.200a) assumed the source diameter of the hot core to be 
10" and the source size of other components to be larger than 15". Namely, N = N er ± N cr ± N p ± 
0.44 x N hc . 


Following the method described by Fuente et al. f 2 014h , we estimate the averaged column density N 


by summing up column densities of extended ridge (N ei ), compact ridge (N cr ). plateau (_ZV p ), outer hot 
core (JV ohc ), and inner hot core (N^). A filling factor of 0. 44 and 0.22 is assumed for the outer hot core 
and the inner hot core, respectively, since Esnlugues et al. 1 (i2013blf assumed the source diameter of outer 


hot core and inner hot core to be 10 " 
0.22 x IVihc. 


and 7", respectively. Namely, N = N el ± N CI + N p + 0.44 x N a h c + 
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s Estimated from 13 C bearing species with assumption that 12 C/ 13 C 
h The column density estimated by 


Fuente et, alj (2014). 


= 50. 





A. Expanded Spectra 
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Fig. A.l.— Spectra of NGC 2264 CMM3 in the 3 and 4 mm band. The frequency resolution 


















Fig. A.l.— Continued 
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Rest Frequency (GH/) 


Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Rest Frequency (GH/) 


Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Rest Frequency (GH/) 


Fig. A.l.— Continued 



















-50 - 



89.0 89.1 89.2 89.3 89.4 89.5 



90.0 90.1 90.2 90.3 90.4 90.5 
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Fig. A.l.— Continued 







51 
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Rest Frequency (GH/) 


Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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Fig. A.l.— Continued 
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332.5 332.6 332.7 332.8 332.9 333.0 


Rest Frequency (GHz) 


Fig. A.2.— Spectra of NGC 2264 CMM3 in the 0.8 mm band. The frequency resolution is 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 
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Fig. A.2.— Continued 













